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ABSTRACT 

INVESTIGATION OF AUROmt PHENOMENA BY SOUNDING ROCKET 

WENTWORTH EDWARDS POTTER 

Auroral phenomena are discussed in light of previous 

experimental results and theoretical considerations. It is 

seen  that visible aurora are only part of what is termed a 

magnetospheric substorm. The substorm phenomena include not 

only localized auroral zone events but also plasma convection 

and current system far out into the magnetosphere. Auroral 

phenomena include charged particle precipitation down mag- 

netic field lines into the ionosphere, magnetic disturbances 

due to electrojet currents, electric fields which drive the 

electrojet and the visible aurora. 

Several theories of magnetospheric substorms are 

investigated, 

plasma in the magnetosphere with the resulting currents 

flowing down the field lines into the ionosphere. Here, due 

to enhanced conductivity, they "short" across the auroral 

zone and flow out along other field lines. Other theories 

assume current loops confined to the ionospheric shell are 

Some propose widespread circulation of the 

xv 



formed from t h e  t i d a l  motion of t h e  upper atmosphere. 

The construct ion '  and t e s t i n g  of f i v e  Nike Tomahawk 

sounding rocke t  payloads are discussed.  Th 

inc luded  vec to r  and magnitude m 

f ie ld ,  measurements of t h e  t r a n s v e r s e  electric f i e l d ,  m e a -  

surement o f  charged par t ic le  f luxes ,  and an  i n d i c a t i o n  o f  

t h e  a u r o r a l  l i g h t  i n t e n s i t y  a t  6300Aland 5577A. These mea- 

surements a long wi th  ground s t a t i o n  magnetometer records ,  

r ada r  da t a ,  and a l l  sky camera p i c t u r e s  w e r e  used t o  con- 

s t r u c t  a model of t h e  electrojet  c u r r e n t  system a t  t h e  t i m e  

of t h e  f l i g h t .  

0 0 

The r e s u l t s  from f i v e  rocke t  f l i g h t s  are presented .  

The rocke t s  w e r e  launched dur ing  a v a r i e t y  of a u r o r a l  and 

magnetic cond i t ions  al though t h e y  a l l  had s i m i l a r  t rajec- 

tor ies ,  Magnetic d i s tu rbances  measured dur ing  t h e  f l i g h t s  

i n d i c a t e d  t h e  e x i s t e n c e  of e lectrojet  c u r r e n t s  nea r  100 km 

flowing para l le l  t o  t h e  v i s i b l e  a u r o r a l  arcs. The presence  

of f i e l d  a l i g n e d  c u r r e n t s  w a s  i n d i c a t e d  i n  t h e  r e s u l t s  of one 

f l i g h t .  

Electric f i e lds  perpendicular  t o  t h e  magnetic f i e l d  

w e r e  measured. F i e l d s  of 25 t o  70 mv/m w e r e  measured dur ing  

a l l  except one " q u i e t  t i m e "  f l i g h t  i n  which an  upper l i m i t  

of 20 mv/m w a s  ob ta ined  for t h e  electric f ie ld .  The f i e l d s  

po in t ed  southward and w e r e  c o n s i s t e n t  w i t h  a w e s t w a r d  f lowing 

x v i  



H a l l  c u r r e n t .  There w a s  no appreciable a l t i t u d e  dependence 

i n  t h e  f i e l d s  i n d i c a t i n g ,  t o  first order, t h a t  t h e  magnet ic  

f i e l d  l i n e s  w e r e  e q u i p o t e n t i a l s ,  

Charged particle f l u x  measurements showed par t ic le  

p r e c i p i t a t i o n  existed dur ing  periods of v i s i b l e  a u r o r a l  

a c t i v i t y .  A c o r r e l a t i o n  between an  i n c r e a s e  i n  luminos i ty  

and an  i n c r e a s e  i n  f l u x  w a s  no t i ced .  P a r t i c l e  p r e c i p i t a t i o n  

w a s  a l so  i n d i c a t e d  on ground based riometers. 

x v i i  



SECTION I 

I NT RODUCT I ON 

A c r o s s  no r the rn  Canada and Alaska,  on almost every 

clear n i g h t ,  t h i n  luminous bands o f  c o l o r  extend from eas te rn  

t o  wes tern  hor izon .  I n  t h e  e a r l y  evening,  t h e s e  a u r o r a l  l i g h t  

d i s p l a y s  form t o  t h e  n o r t h  i n  smooth, c o l o r l e s s  arcs.  A s  

t h e  l i g h t  i n t e n s i t y  g radua l ly  i n c r e a s e s ,  a p a l e  green  hue i s  

o f t e n  no t i ced .  These arcs o f  l i g h t  move s lowly southward and 

pass overhead and are  fol lowed by o t h e r  arcs from f a r t h e r  n o r t h .  

A s  midnight  approaches,  t h e  arcs become convol '.ited 

forming complex, s h e e t l i k e  d r a p e r i e s  overhead: movement o f  

t h e s e  b i l l owing  c u r t a i n s  becomes more r a p i d ,  t h e  c o l o r  deepens,  

and great  loops and fo lds  are  seen  i n  t h e  s h e e t s .  Red t i n g e s  

appear a t  t h e  lower edge of  t h e  s h e e t s  and t h e  i n t e n s i t y  

of l i g h t  v a r i e s  from place t o  place a c r o s s  t h e  sky. Pays o f  

l i g h t  s t a n d  o u t  w i t h i n  t h e  s h e e t s  appa ren t ly  a l igned  w i t h  

t h e  n e a r  v e r t i c a l  e a r t h ' s  magnetic f i e l d .  The l i g h t  shimmers 

and f l i c k e r s  and sudden e r r a t i c  movements of t h e  d r a p e r i e s  

and loops are common. G r e a t  f o l d s  i n  t h e  s t r u c t u r e  a re  s e e n  

t o  move r a p i d l y  a c r o s s  t h e  o b s e r v e r ' s  sky  and f o l d s  w i t h i n  

f o l d s  are o f t e n  seen .  

There is evidence t h a t  t h e s e  n i g h t l y  d i s p l a y s  have 

1 
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been observed f o r  over 2 ,000  years  and are  among t h e  e a r l i e s t  

recorded geophys ica l  phenomena. Due t o  t h e  complex forms and 

e r ra t ic  movement, it is  d i f f i c u l t  t o  desc r ibe  a u r o r a l  mor- 

phology al though ex tens ive  sys t ema t i c  record ing  has  taken  

place s i n c e  t h e  I n t e r n a t i o n a l  Geophysical Y e a r  (1957-1958) . 
Although a u r o r a l  d i s p l a y s  are mainly found a t  h ighe r  l a t i t u d e s ,  

t hey  occas iona l ly  are seen  i n  t h e  United S t a t e s  and as f a r  

south  as Mexico. I n  Canada, t h e  l i n e  (isochasm) of 100 per- 

c e n t  frequency of a u r o r a l  d i s p l a y s  (d i sp lay  every n i g h t )  i s  

near  60 N l a t i t u d e .  0 

The p r i n c i p a l  methods of observing a u r o r a l  d i s p l a y s  

have been a l l  sky cameras, v i s u a l  observers ,  and spec t rographs  

which r eco rd  t h e  composition of t h e  l i g h t .  Visua l  and camera 

obse rva t ion  i s  h indered  by t h e  large e x t e n t  and complex 

r a p i d l y  moving forms of t h e  aurora .  Th i s  makes c l a s s i f i c a t i o n  

i n  r eco rd  books very d i f f i c u l t .  The p o l a r  l o c a t i o n  of t h e  

d i s p l a y s  a l s o  complicates s e t t i n g  up au ro ra l  observa t ion  p o s t s .  

I n  many cases where v i s u a l  a u r o r a l  observa t ion  has  

taken  place, t h e r e  have a l so  been measurements of changes 

i n  t h e  e a r t h ' s  magnetic f i e ld .  It has  been noted t h a t  t h e  

aurora i s  c l o s e l y  l i n k e d  t o  d i s tu rbances  i n  t h e  e a r t h ' s  f i e l d .  

A s  t h e  f i e l d  becomes m o r e  d i s tu rbed ,  t h e  au ro ra  becomes m o r e  

i n t e n s e  and complex. The v i s i b l e  a u r o r a  i s  found i n  a "belt" 

a t  any given i n s t a n t  of t i m e .  Th i s  s t a t i s t i c a l l y  appears as 
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a n  ova l  reaching high l a t i t u d e s  (-78O) on t h e  dayside and 

l o w  l a t i t u d e s  (-65O) on t h e  n i g h t s i d e  of t h e  e a r t h .  An a u r o r a l  

ova l  a l s o  e x i s t s  i n  t h e  southern  hemisphere where s i m i l a r  

aurora l  a c t i v i t y  i s  observed. 

The e a r t h ' s  magnetic f i e l d  l i n e s ,  e s s e n t i a l l y  d i p o l a r ,  

extend upward from t h e  a u r o r a l  d i s p l a y s  and c r o s s  t h e  equa- 

t o r i a l  p l a n e  a t  5 t o  9 e a r t h  r a d i i .  The a u r o r a l  d i s p l a y s  are 

b u t  one evidence of l a r g e  scale magnetohydrodynamic processes 

involv ing  t h e s e  o u t e r  s h e l l s  of t h e  e a r t h ' s  magnetosphere 

( t h a t  reg ion  of space around t h e  e a r t h  dominated by t h e  geo- 

magnetic f i e l d ) .  A f t e r  a decade of i n v e s t i g a t i o n  of t h e  mag- 

ne tosphere  by s a t e l l i t e  borne  experiments,  some f e a t u r e s  of 

these o u t e r  magnetospheric processes  are becoming ev ident .  

W e  can observe t h i s  huge reg ion  by ga in ing  only occas iona l  

gl impses o f  a f e w  of t h e  v a r i a b l e s  and w e  are  s t i l l  groping 

toward ga in ing  an understanding of t h e  processes .  A specu- 

l a t i v e  account of t h e  processes i s  a convenient frame f o r  de- 

s c r i b i n g  t h e  observed phenomena. 

S o l a r  w i n d  plasma sweeps by and deforms t h e  e a r t h ' s  

magnetic f i e l d ,  compressing t h e  f i e l d  toward t h e  sun and 

p u l l i n g  t h e  p o l a r  f i e l d  l i n e s  i n t o  a big t a i l .  T h i s  so la r  

wind plasma may e n t e r  t h e  t a i l  reg ion  and a t  least  sets i n  

motion a convection of t h e  magnetospheric plasma (near  t h e  

boundary) towards t h e  rear of t h e  magnetosphere. The plasma 
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t h e n  r e t u r n s  up t h e  center of t h e  t a i l  toward t h e  e a r t h .  A s  

t h e  plasma e n t e r s  t h e  reg ion  of  s t r o n g e r  magnetic f i e l d  near  

t h e  e a r t h ,  t h e  p ro tons  and e l e c t r o n s  are sepa ra t ed  by a V lE1 
d r i f t ;  p ro tons  d r i f t i n g  w e s t  and e l e c t r o n s  east .  Th i s  sepa- 

r a t i o n  l e a d s  t h e  pro tons  i n t o  t h e  evening quadrant  where they  

i n f l a t e  (weaken) t h e  magnetic f i e l d .  These par t ic les  engage 

i n  sp i r a l  motions character is t ic  of o t h e r  par t ic les  t rapped  

i n  t h e  e a r t h ' s  magnetic f i e l d .  Some of t h e s e  p e n e t r a t e  i n t o  

t h e  ionosphere causing thermal  i o n i z a t i o n  as w e l l  as t h e  exc i -  

t a t i o n  of atmospheric molecules t h a t  l e a d  t o  au ro ra  l i g h t .  

A s  new par t ic les  are i n j e c t e d  from t h e  t a i l ,  an elec- 

t r i c  f i e l d  i s  e s t a b l i s h e d  by charge s e p a r a t i o n  and, s i n c e  t h e  

conduc t iv i ty  a long t h e  f i e l d  l i n e s  i s  very high, t h e  s a m e  

e l ec t r i c  f i e l d  i s  mapped along t h e  f i e l d  l i n e s  in ' to t h e  iono- 

sphere.  The d r i f t i n g  pro tons  and e l e c t r o n s  on t h e  equator  

c o n s t i t u t e  an e lectr ical  c u r r e n t  which may be completed by 

c u r r e n t  E l o w  up and down t h e  magnetic f i e l d  l i n e s  t o  t h e  iono- 

sphere.  Current  t hen  flows h o r i z o n t a l l y  i n  t h e  h igh ly  con- 

d u c t i v e  ionosphere associated wi th  t h e  a u r o r a l  d i sp l ay .  

I n  t h e  past, t h e  a u r o r a l  d i s p l a y s  and a s s o c i a t e d  mag- 

n e t i c  changes caused by t h e  s t r o n g  ionospher ic  electric cur- 

r e n t s  w e r e  c a l l e d  a u r o r a l  or polar substorms. The frequency 

and i n t e n s i t y  of substorms i s  greatest a t  t h e  onse t  of a 

world wide magnetic storm. T h i s  event  involves  t h e  i n n e r  
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magnetosphere and produces magnetic d i s tu rbances  a l l  over  

t h e  e a r t h ' s  s u r f a c e .  Now r e a l i z i n g  t h e  scope of t h e  processes 

ex tending  throughout  t h e  magnetosphere w e  speak of  a magneto- 

s p h e r i c  substorm. The substorms are u s u a l l y  one t o  t h r e e  hours  

i n  d u r a t i o n .  

Although many detai ls  of t h i s  account  may prove  t o  be 

i n  e r r o r ,  t h e  obse rva t ions  must be accounted f o r  i n  any cor- 

rect explana t ion .  T h e  phenomena observable  i n  t h e  a u r o r a l  

ionosphere i n c l u d e  t h e  a u r o r a l  l i g h t  - i t s  form, i n t e n s i t y  

and changes; t h e  i n t e n s e  east - w e s t  e lectr ic  c u r r e n t s  (au- 

r o r a l  e l e c t r o j e t s ) ;  e lec t r ic  f i e l d s  t h a t  d r i v e  t h e s e  c u r r e n t s ;  

and t h e  e n e r g e t i c  charged par t ic les  s p i r a l l i n g  down f i e l d  l i n e s  

( u s u a l l y  e l e c t r o n s )  t h a t  excite t h e  a u r o r a s .  Looking on t h e  

same f i e l d  l i n e s  i n  t h e  e q u a t o r i a l  p l ane ,  p e r t i n e n t  observables  

are: plasma d e n s i t y  and f l o w  d i r e c t i o n ,  e n e r g e t i c  par t ic le  

f l u x e s ,  e l ec t r i c  f i e l d s  and e lectr ical  c u r r e n t s  producing 

magnetic f i e l d  changes. S i m i l a r  measurements on t h e s e  f i e l d  

l i n e s  i n t e r s e c t i n g  t h e  sou the rn  ionosphere  would a l s o  be valu- 

able, b u t  t h e  r eg ion  is  less accessible. 

N o t  a l l  of t h e s e  parameters have y e t  been observed. 

The a c t i v e  r eg ion  i s  large on t h e  equa to r  (because of  t h e  

d ivergence  of f i e l d  l i n e s  i n  t h e  a u r o r a l  zone, a f e w  degrees  

e x t e n t  i n  l a t i t u d e ,  50 t o  100 m i l e s  n o r t h  - sou th ,  expands 

t o  2 e a r t h  r ad i i ,  8 , 0 0 0  m i l e s ,  on t h e  equa to r )  and bo th  



expens ive  and d i f f i c u l t  t o  observe.  E lec t r ic  f i e l d s  have n o t  

been observed t h e r e  and t e c h n i c a l  d i f f i c u l t i  p rec lude  ob 

v a t i o n  a t  p r e s e n t .  The ionosphere i s  closer and less expens 

t o  i n v e s t i g a t e  and e lec t r ic  f ie lds  are easier t o  m e a s  

t h e  Debye l e n g t h  is  smaller. The scale of t h e  electric cur- 

r e n t s  and par t ic le  f l u x e s  is smaller  and suppor t ing  measure- 

ments from t h e  ground such  as i o n i z a t i o n  d e n s i t y ,  a l l  s k y  

a u r o r a l  photographs and magnetic obse rva t ions  are a v a i l a b l e .  

The i n t e n t  o f  t h e  p r e s e n t  rocket f l i g h t s  w a s  t o  inves-  

t i g a t e  s e v e r a l  a u r o r a l  phenomena s imul taneous ly  t o  h e l p  i n  

de te rmining  t h e  p rocesses  involved  i n  magnetospheric substorms. 

One of t h e  parameters selected f o r  obse rva t ion  w a s  t h e  h o r i -  

z o n t a l  component of t h e  e lectr ic  f i e l d .  Observat ion o f  t h e  

magnitude and d i r e c t i o n  of  t h e  f i e l d  might a l l o w  s e l e c t i o n  

between s e v e r a l  p l a u s i b l e  exp lana t ions  of t h e  magnetospheric 

substorm. Another v i t a l  obse rva t ion  w a s  t h e  e x t e n t ,  i n t e n s i t y ,  

and s t r u c t u r e  of t h e  a u r o r a l  e l e c t r o j e t .  Is t h e  e lectrojet  a 

c u r r e n t  r ibbon fo l lowing  t h e  a u r o r a l  loops; does it f l o w  i n  

a s t r a igh t  l i n e  on ly  conf ined  t o  t h e  general l a t i t u d e  span 

of t h e  a u r o r a l  e x c i t a t i o n ?  IS it t h i n  or  d i f f u s e  and  are 

t h e r e  c u r r e n t s  f lowing along t h e  f i e l d  l i n e s ?  vector measure- 

ments of t h e  e lectrojet  magnet ic  f i e l d  w e r e  planned t o  assist  

i n  answering s o m e  o f  t h e s e  q u e s t i o n s .  The t h i r d  major ex- 

iment w a s  a n  attempt t o  measure t h e  charged par t ic le  f l u x e s  
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t h a t  are thought  t o  e x c i t e  t h e  a u r o r a l  d i s p l a y s .  A r e  charged 

pa r t i c l e  f l u x e s  always co inc iden t  w i th  a u r o r a l  d i sp l ays?  Does 

t h e  energetic charged par t ic le  f l u x  c o n s t i t u t e  an e l e c t r i c a l  

c u r r e n t ?  I t  w a s  hoped t h a t  answers t o  t h e s e  as w e l l  as o t h e r  

ques t ions  would be found. 

The f i r s t  f i v e  i n  a series of Nike-Tomahawk sounding 

roclcets w e r e  E l o w n  during t h e  f i r s t  h a l f  o f  1968 f r o m  F t .  

Church i l l ,  Manitoba. Four of t h e  f l i g h t s  w e r e  made through 

v i s i b l e  a u r o r a l  d i s p l a y s  wh i l e  t h e  f i f t h  w a s  f i r e d  during a 

q u i e t  p e r i o d  wi th  no v i s i b l e  au ro ra  or magnetic d i s tu rbances .  
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SECTION I1 

THEORETICAL AND EXPERIMENTAL BACKGROUND 

1. Aurora l  Morphology 

I n  o rde r  t o  understand better t h e  processes  involved 

i n  a u r o r a l  zone phenomena, it i s  b e n e f i c i a l  t o  d e f i n e  geo- 

g r a p h i c a l l y  what i s  meant when one d i s c u s s e s  t h e  a u r o r a l  

zone and a u r o r a l  ova l .  Ea r ly  s tudy  i n d i c a t e d  t h e  e x i s t e n c e  

of a u r o r a l  zones (bands about  t h e  poles where auroras are 

observed wi th  equal  frequency) about  t h e  b o r e a l  a x i s  (no r the rn  

geomagnetic p o l e )  and a u s t r a l  a x i s  ( southern  geomagnetic 

p o l e ) .  The  100% isochasms ( l i n e s  of  equal  occurrence)  have an  

angu la r  r a d i u s  of about 23O about  t h e  pole. 

each side of t h i s  corresponds t o  a reg ion  i n  which t h e  aurora  

is v i s i b l e  on n e a r l y  every clear n i g h t .  These bel ts  a r e  

known as t h e  a u r o r a l  zones, and t h e y  enc lose  t h e  p o l a r  caps.  

A be l t  of 2O on 

I 

The a u r o r a l  ova l  is  t h e  reg ion  where t h e  magnetic 

f i e l d  l i n e s ,  which are nea r  t h e  o u t e r  edge of t h e  t r app ing  

reg ion ,  i n t e r s e c t  w i th  t h e  e a r t h ' s  s u r f a c e .  The r e l a t i v e  

p o s i t i o n s  of t h e  t r a p p i n g  r eg ion  and a u r o r a l  ova l  are seen 

i n  F igu re  1, 

A s ta t i s t ica l  s tudy  of t h e  d i s t r i b u t i o n  of aurora 



u s i n g  records  from many s t a t i o n s  f o r  each d i s p l a y  shows t h a t  

t h e  d i s t r i b u t i o n  i s  i n  t h e  shape of an  ova l  reaching low 

l a t i t u d e s  (-65ON) on t h e  n i g h t  s i d e  and h igh  l a t i t u d  

on t h e  day s i d e  of t h e  e a r t h  (Akasofu, 1964). 

c o n t r a d i c t i o n  t o  an earlier concept which proposed t h e  exis- 

tence of an " inne r "  and "ou te r "  a u r o r a l  be l t  a t  -78ON and 

-65ON l a t i t u d e  r e s p e c t i v e l y .  

Stb'rmer (1955), Chamberlain (1961), and o t h e r s  have  

reviewed v i s i b l e  au ro ras  and some g u i d e l i n e s  and s t anda rds  

concerning v i s i b l e  a u r o r a s  have been e s t a b l i s h e d ,  I n  North 

A m e r i c a ,  t h e  l i n e  of 100 pe rcen t  frequency of au ro ra  i s  near 

6OoN l a t i t u d e  (Vest ine,  II- 1944). (Church i l l  Research Range is 

f u r t h e r  n o r t h  near  t h e  90% isochasm). A t  t h i s  l a t i t u d e  t h e r e  

appear t o  be t h r e e  s t a g e s  of a u r o r a l  d i s p l a y s  as determined 

by  v i s u a l  observa t ion ,  t h e  s tudy  of a l l  sky  camera photo- 

g raphs , - and  t h e  s tudy  of ground s t a t i o n  magnetograms. 

The t h r e e  phases  are: 

i. 

ii. 

Q u i e t  a r c s  which rise slowly from t h e  no r the rn  

hor izon  and move southward are followed by o t h e r  

arcs from t h e  nor th .  These arcs may or may no t  

cross t h e  observer's z e n i t h .  T h i s  s t a g e  is usu- 

a l l y  i n  t h e  pre-midnight per iod .  

The breakup p e r i o d  t a k e s  place nea r  magnetic mid- 

n i g h t .  The arcs become t h i n n e r  and b e t t e r  de f ined  
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t h u s  becomirig more l i k e  waving c u r t a i n s  o r  l a r g e  

enc losed  loops. 

iii. I n  t h e  post-midnight p e r i o d  t h e  c u r t a i n s  and loops 

d isappear  and l e a v e  luminous pa tches  (up  t o  t e n  

minutes i n  d u r a t i o n )  which o f t e n  p u l s a t e  and d r i f t  

eastward. 

The v i s i b l e  a u r o r a l  d i s p l a y s  can a l so  be separated i n t o  

t h r e e  basic t y p e s  according t o  p h y s i c a l  cause.  There are au-  

rora e x c i t e d  by e l e c t r o n s ,  t h o s e  e x c i t e d  by pro tons ,  and t h o s e  

a s s o c i a t e d  wi th  magnetohydrodynamic waves and upper atmosphere 

hea t ing .  These t h r e e  t y p e s  can occur s imultaneously.  

The e l e c t r o n  a u r o r a  is probably t h e  m o s t  common of  
I 

t h e  t h r e e .  The e l e c t r o n s  are p r i m a r i l y  of l o w  energy ( a few 

kev) wi th  a widely varying energy spectrum. Th i s  t y p e  of 

a u r o r a  i s  m o s t  f r equen t  on t h e  ova l s  -23  from t h e  geomag- 

n e t i c  poles (Chamberlain, 1961).  

0 

Low energy p ro ton  a u r o r a s  are n o t  r e a d i l y  v i s i b l e  s i n c e  

they  are u s u a l l y  formed f r o m  l o w  i n t e n s i t y  hydrogen emission. 

Proton ene rg ie s  greater t h a n  5 kev have been seen  i n  t h e  au-  

r o r a l  zone w i t h  p r e c i p i t a t i o n  zones bounded by t h e  L = 5 and 

L = 10 (F igure  2)  (McIlwain, 1961) s h e l l s  (Evans -- e t  a l . , 1965) .  

These d i s p l a y s  are u s u a l l y  found a t  l o w e r  l a t i t u d e s  than  t h e  

e l e c t r o n  auroras .  

Another t y p e  of a u r o r a  may be caused by magnetohydro- 
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dynamic waves e n t e r i n g  t h e  ionosphere.  Th i s  i s  b e l i e v e d  t o  

cause red atomic oxygen emission nea r  200-300 km. This  i s  a 

very d i f f u s e  form on which l i t t l e  experimental  knowledge has  

been ga ined  ( W a l t ,  __. 1965).  The upper atmospheric hea t ing ,  

p o s s i b l y  due t o  t h e s e  waves, seems t o  cause  t h i s  emission 

which is  a l so  n e a r l y  always p r e s e n t  dur ing  e l e c t r o n  and  pro- 

t o n  i n j e c t i o n .  

2 .  Charged Par t ic les  and Aurora l  E x c i t a t i o n  

A s p e c t a c u l a r  v i s i b l e  a u r o r a l  d i s p l a y  i s  u s u a l l y  ac- 

companied by changes i n  o t h e r  geophys ica l  parameters. The 

exac t  r e l a t i o n s  between t h e s e  are n o t  immediately obvious and 

it is  t h e  purpose of a u r o r a l  r e sea rch  t o  determine t h e  p h y s i c a l  

causes of aurora l  d i s p l a y s  and t h e i r  r e l a t i o n  t o  o t h e r  p h y s i c a l  

phenomena. Some of t h e  f i rs t  i n v e s t i g a t i o n s  w e r e  of charged 

par t ic le  f l u x e s  s i n c e  it w a s  b e l i e v e d  they  might be respon- 

s ible  f o r  t h e  i o n i z a t i o n  of molecules and atoms which produce 

t h e  v i s i b l e  d i s p l a y s .  S t u d i e s  have been done i n  t h e  a u r o r a l  

zone on t h e  c o r r e l a t i o n  of  h igh  e l e c t r o n  f l u x e s  t o  t h e  p o s i t i o n  

of h igh  a u r o r a l  luminosi ty .  McIlwain (1960) and Davis -- e t  a l .  

(1960) have shown such a c o r r e l a t i o n  exis ts  w h i l e  a l so  showing 

t h a t  t h e  p ro ton  f l u x  d i d  n o t  vary g r e a t l y  over  d i s t a n c e s  of 

approximately 40 km i n  r eg ions  of v a r i a b l e  luminosi ty .  

McIlwain (1960) found a n e a r l y  monoenergetic f l u x  of 
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e l e c t r o n s  nea r  6 kev of approximately 2 x 

c m 2  - sec i n  an  a u r o r a l  arc,  

f l u x  w a s  nea r  lo8 - l o l o  electrons/cm2 - sec. 

f l u x e s  w e r e  on t h e  o r d e r  of 10" kev/cm2 - sec f o r  pro tons  

electrons/ 

I n  a q u i e s c e n t  d i s p l a y ,  t h e  

The energy 

an5  1OI2 kev/cm2 - sec f o r  e l e c t r o n s  a l though t h i s  va r i ed  

widely da r ing  t h e  experiment. Evidence of au ro ra  being 

caused by pro tons  n e a r  100 kev w a s  also found b y  McIlwain 

(1960).  

_I- Evans (1968) has  r e c e n t l y  seen a monoenergetic 4 kev 

f l u x  ( i s o t r o p i c )  o~ e l e c t r o n s  (4  x lo8  electrons/cm2 - sec - 
sterad) a t  a u r o r a l  l a t i t u d e s  dur ing  a v i s i ' b l e  d i s p l a y ,  H e  

a l s o  r e p o r t e d  observing a 10 cps p e r i o d i c i t y  i n  t h e  precipi- 

t a t i o n  of a u r o r a l  zone e l e c t r o n s  from 1 t o  120 kev (Evans, --- 
1967) .  The source  and a c c e l e r a t i o n  mechanisms f o r  auroral 

particles are s t i l l  a m a t t e r  of s p e c u l a t i o n .  

A s tudy  of t h e  hydrogen l i g h t  i n  a u r o r a s  g i v e s  f u r -  

t h e r  i n d i c a t i o n  of s o m e  au ro ras  being caused by pro tons .  

Mozer and B r u s t o i i  (1966) s a w  an a n t i c o r r e l a t i o n  between 

e l e c t r o n s  and p ro tons  along h igh  l a t i t u d e  f i e l d  l i n e s  i n d i -  

c a t i n g  electric fields p a r a l l e l  t o  t h e  magnetic f i e l d  may 

be a c c e l e r a t i n g  t h e  particles, Evans (1968) agrees wi th  

t h i s  idea a l though h e  b e l i e v e s  t h e r e  is  more t h a n  one accele- 

----- .-- _.I__ 

r a t i o n  mechanism involved.  It  is  seen  i n  t h e  theo ry  of 

trapped particles (Chapman, 1964) how p a r t i c l e s  wi th  a s m a l l  
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enough p i t c h  ang le  8, ( when they  cross t h e  equator )  can 

mi r ro r  a t  any l a t i t u d e  near  100 km. The c o l l i s i o n  wi th  a 

molecule could t h e n  cause e x c i t a t i o n  and produce auroral  

l i g h t .  I n  a d i p o l e  approximation, t h e  equat ion  f o r  t h e  f i e l d  

2 l i n e s  is  r = RE cos (0 where,+ is the l a t i t u d e  and RE i s  t h e  

d i s t a n c e  from t h e  e a r t h ' s  c e n t e r  a t  which t h e  par t ic le  crosses 

t h e  e q u a t o r i a l  p l a n e  of t h e  geomagnetic f i e ld .  The d i s t a n c e  

from t h e  c e n t e r  of t h e  e a r t h  t o  t h e  mir ror  p o i n t  i s  RE cos2 4 m 

where + m  is t h e  mir ror  l a t i t u d e .  

From t h e s e  observa t ions ,  one n a t u r a l l y  a sks  t h e  ques t ion :  

Where do t h e  par t ic les  come from? B a s i c a l l y ,  t h e r e  appears  

t o  be t h r e e  p o s s i b l e  sources:  

i. Magnetosphere t a i l  

ii. Outer boundary of t r a p p i n g  reg ion  

iii. Trapping reg ion  

The t r a p p i n g  reg ion  s e e m s  t o  be an u n l i k e l y  source  

s i n c e  t h e  energy spectra of e l e c t r o n s  i n  au ro ra  and t h e  trap- 

p ing  reg ion  are q u i t e  d i f f e r e n t .  The energy o f  t h e  trapped 

r a d i a t i o n  i s  n o t  great enough t o  s u s t a i n  an  a u r o r a l  d i s p l a y  

f o r  an  appreciable t i m e  (Chamberlain, 1961), and t h e  t o t a l  

number of par t ic les  is  n o t  great enough. Another p o s s i b i l i t y  

is a mechanism i n  which particles are fed i n t o  t h e  t rapped  

par t ic le  reg ion ,  h e l d  f o r  a f e w  bounces and then  p r e c i p i t a t e d  

i n t o  t h e  a u r o r a l  zone. Even i f  t h i s  is t h e  case, t h e r e  has  
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t o  be a p rocess  where p a r t i c l e s  are brought i n t o  t h i s  reg ion .  

I f  p a r t i c l e s  e n t e r  i n t o  t h e  t a i l  through some form 

of s o l a r  wind i n t e r a c t i o n ,  t hey  may proceed back up  t h e  t a i l  

l i n e s .  Evans (1968) has  seen monoenergetic e l e c t r o n  peaks 

i n  an a u r o r a l  d i s p l a y  and sugges t s  t h a t  electric f i e l d s  p a r a l -  

l e l  t o  t h e  magnetic f i e l d  may f a c i l i t a t e  t h e  p r e c i p i t a t i o n  

p rocess  by a c c e l e r a t i n g  e l e c t r o n s  t o  lower a l t i t u d e s  where 

they  would produce auroral  l i g h t .  S ince  t h e  conduc t iv i ty  

a long t h e  magnetic f i e l d  l i n e  i s  h igh ,  one does n o t  expect  

e lec t r ic  f i e l d s  p a r a l l e l  t o  t o  be l a r g e  compared t o  t h e  

expected t r a n s v e r s e  e lectr ic  f i e l d s  of 10-100 mv/m. Even 

i f  t h e  p a r a l l e l  electric f i e l d  i s  on t h e  o rde r  of a f e w  

microvol t s  per meter, t h i s  may be l a r g e  enough t o  accelerate 

t h e  low energy e l e c t r o n s  when d i s t a n c e s  of hundreds o r  

thousands of k i lome te r s  are cons idered .  

3 .  Aurora l  Electrojet  

Q u i e t  t i m e  obse rva t ions  of t h e  geomagnetic f i e l d  

i n d i c a t e  t h e  e x i s t e n c e  of v a r i a t i o n s  (S ) which are be- 

l i e v e d  t o  be caused by t h e  atmospheric  dynamo motion o r  

q 

t i d a l  motions ( D e W i t t  - and Akasofu, 1964). A t  a u r o r a l  l a t i -  

t u d e s  dur ing  magne t i ca l ly  d i s t u r b e d  t i m e s ,  a v a r i a b l e  en- 

hancement of t h e  magnetic f i e l d  i s  known t o  occur ,  Th i s  i s  

t h e  Ds v a r i a t i o n ,  and t h e  c u r r e n t s  causing it are known 
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as  t h e  a u r o r a l  e lectrojet  (Fejer, 1963) .  Auroral  d i s p l a y s  

are  o f t e n  accolnpanied by t h e s e  local magnetic d i s tu rbances ,  

and it is  b e l i e v e d  t h a t  t h e  electrojet  c u r r e n t  is  confined 

t o  or near  t h e  v i s i b l e  a u r o r a l  s t r u c t u r e .  Assuming t h e  cur- 

r e n t  has t h e  s a m e  l i m i t s  as t h e  v i s i b l e  aurora ,  it has been 

speculated t h a t  t h e  e l e c t r o j e t  o f t e n  extends only  a few 

k i lome te r s  i n  t h e  north-south d i r e c t i o n  wh i l e  i t s  e a s t - w e s t  

ex tens ion  may be on t h e  o rde r  of s e v e r a l  thousand k i l o -  

meters. 

The energy source  which d r i v e s  t h e s e  ionospher ic  cur- 

r e n t s  i s  unknown b u t  s e v e r a l  t h e o r i e s  concerning i t s  form 

have been proposed. An ionospher ic  sou rce  has  been proposed 

by --- Swi f t  (1963) i n  which t h e  electrojet  c u r r e n t s  may be 

caused by winds i n  t h e  upper atmosphere. The co- ro ta t ion  

of t h e  atmospheric gas  w i t h  t h e  e a r t h  or t h e  t i d a l  winds 

i m p l i e s  a movement of  plasma past t h e  magnetospheric f i e l d  

i f  one cons ide r s  t h e  f rozen  f i e l d  concept  as v a l i d  (Alfvbn, 

1963) .  

an induc t ion  f i e l d  E i  = vn x 6 .  

The plasma motion wi th  a v e l o c i t y  vec to r  Gn l e a d s  t o  

- 

The s h e l l  between 80 t o  140 k m  i s  thought  t o  conta in  

t h e  ionospher ic  c u r r e n t  s i n c e  t h i s  is t h e  area of l a r g e s t  

auroral  i o n i z a t i o n .  A t  1 2 0  km dur ing  a n  a u r o r a l  d i sp l ay ,  

bo th  t h e  Pederson and H a l l  c o n d u c t i v i t i e s  are near  10-3/ohm-m 

whi l e  t h e  c o n d u c t i v i t y  parallel  t o  t h e  f i e l d  l i n e s  i s  
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-5/ohm-m (Fahleson -- e t  a l . ,  1967) (F igure  3 ) .  The hor i -  

z o n t a l  c u r r e n t  d e n s i t y  f o r  a t h i n  s h e l l  i s  given by ( t h e  

x ' s  i n d i c a t e  southward components wh i l e  t h e  y ' s  i n d i c a t e  

eastward components of  and 5 ) .  

where 

ayy x 

G xy - a 2  
s i n  I 

(3) 

(4) 

I i s  t h e  geomagnetic dip ang le  and u1 is  t h e  Pederson con- 

d u c t i v i t y  (where t h e  c u r r e n t  flow i s  i n  t h e  d i r e c t i o n  of 

an  e lectr ic  f i e l d  which is pe rpend icu la r  t o  t h e  magnetic 

f i e l d  i f  one i s  p r e s e n t ) .  

The Pederson conduc t iv i ty  is  

where si = + B l e l / m i  i s  t h e  i o n  c y c l o t r o n  frequency and 
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II’e = - B l e l / m e  i s  t h e  e l e c t r o n  cyc lo t ron  irequency. 

c o n d u c t i v i t i e s  c a n  a l so  be def ined  for  t h i s  reg ion .  The 

H a l l  c o n d u c t i v i t y  ( f o r  computing c u r r e n t s  which flow per- 

pend icu la r  t o  t h e  and f i e l d s )  i s  de f ined  as 

Other 

The  S p e c i f i c  conduc t iv i ty  (determining c u r r e n t  f l o w  f o r  an 

E f i e l d  paral le l  t o  o r  i n  absence of a f i e l d )  is 
- 

where N i  is t h e  ion  d e n s i t y  (ions/cm3), Ne is  t h e  electron 

emu, mi i s  tAhe ion 3 -20 d e n s i t y  (electrons/cm ) ,  e = 1.6 x 10 

m a s s  ( g m ) ,  me i s  t h e  e l e c t r o n  m a s s  ( g m ) ,  and w is  t h e  

d r i v i n g  frequency ( c o l l i s i o n s / s e c ) .  The e l e c t r o n  co l -  

l i s i o n  frequency is  v e  and t h e  i o n  c o l l i s i o n  frequency i s  

V i -  

I f  the  v e l o c i t y  of t h e  n e u t r a l  gas vn i s  included,  

- 
t h e  e lectr ic  c u r r e n t  d e n s i t y  can be w r i t t e n  3 = al (EL + 

vn x B) + n2 fi x (EL + Gn x E) /B + o0 Ell. I n  t h i s  ex- 

p r e s s i o n  I and 11 are used t o  denote  components of % per- 

- - - 

pend icu la r  and para l le l  t o  t h e  magnetic f i e l d  6 .  

According t o  c a l c u l a t i o n s  by B o s t r g m  (1964), t h e  

wind associated w i t h  an a u r o r a l  electrojet  must have a 

speed of about  500 m / s e c .  Actua l  obse rva t ions  a t  a u r o r a l  
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a l t i t u d e s  (100-150 km) r e v e a l  wind speeds on t h e  order  of 

100 m / s e c ,  Even wi th  us ing  inc reased  e l e c t r o n  d e n s i t i e s ,  

it is  ha rd  t o  o b t a i n  values  of electrojet  c u r r e n t  com- 

parable t o  t h o s e  measured which are -10 4 - l o 5  a m p s  

(Davis, 1962) .  From t h e s e  observa t ions  it appears t h a t  

a l though a wind d r iven  c u r r e n t  may c o n t r i b u t e  t o  t h e  

a u r o r a l  e l e c t r o j e t ,  it probably does no t  make up t h e  

t o t a l  c u r r e n t .  Another possible d r i v i n g  mechanism might 

be e lectr ic  f i e l d s .  BostrbIn c a l c u l a t e s  t h e s e  t o  be near  

50 mv/m i n  t h e  ionosphere i f  t hey  are t o  produce t h e  

measured c u r r e n t s .  

I t  w a s  once b e l i e v e d  t h a t  t h e  e lec t ro je t  w a s  p a r t  

of a c u r r e n t  system w i t h  a loop s t r u c t u r e  t o t a l l y  con- 

f i n e d  t o  t h e  ionospher ic  s h e l l .  The c u r r e n t  system i n  

t h e  a u r o r a l  reg ions  w a s  enhanced by t h e  inc reased  ion i -  

z a t i o n  and t h e  r e t u r n  c u r r e n t s  w e r e  over t h e  p o l e  and a t  

lower l a t i t u d e s .  Recent ideas and measurements i n d i c a t e  

a t h r e e  dimensional c u r r e n t  system i n  which c u r r e n t s ,  

d r iven  by  magnetospheric electric f i e lds  i n  t h e  e q u a t o r i a l  

p l a n e  f l o w  down t h e  magnetic f i e l d  l i n e s ,  " s h o r t "  across 

t h e  a u r o r a l  zones and f l o w  back o u t  f i e l d  l i n e s .  

4. Aurora l  Theor ies  
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There is evidence t h a t  convec t ive  motion of 

plasma e x i s t s  throughout t h e  magnetosphere. The cause 

of t h i s  convect ion may be dae  t o  s o l a r  wind i n t e r a c t i o n  

wi th  t h e  magnetosphere o r  p o s s i b l y  t h e  co - ro t a t ion  of 

p a r t  of t h e  magnetosphere wi th  t h e  e a r t h .  The p o s s i b i -  

l i t i e s  of convec t ive  motion i n  t h e  t a i l  reg ion  due t o  a 

viscous i n t e r a c t i o n  between t h e  s o l a r  wind a-id t h e  n3g- 

ne tosphe r i c  plasma have been shown by -I-- Axford - and Hines 

(1961) . 
They shoN inward convection of plasma from t h e  t a i l  

i n t o  t h e  main p a r t  of t h e  magnetosphere nea re r  t h e  e a r t h  

can t a k e  place, There may e x i s t  t u rbu lence  a t  t h e  o u t e r  

boundary of t h e  t r a p p i n g  reg ion  which e n t e r s  t h e  iono- 

sphere  i n  t h e  a u r o r a l  zone. 
I 

I n  Axford and Hines '  theory ,  t h e  i n t e r a c t i o n  i s  
-_I I_ 

assumed t o  be a momentum t r a n s f e r  through some form of 

viscous i n t e r a c t i o n  between t h e  s o l a r  wind and t h e  mag- 

netosphere.  A s  t h e  s o l a r  wind passes  about t h e  teardrop-  

shaped magnetospheric c a v i t y ,  it carries plasma t o  t h e  

t a i l  region wi th  t h e  r e t u r n  flow of i o n i z e d  2 a r t i c l e s  back 

up through t h e  t a i l  on t h e  n i g h t  s i d e  of t h e  e a r t h  (F igure  

4 ) .  With t h e  convect ion of plasma past magnetic f i e l d  

l i n e s ,  v x electric f i e l d s  w i l l  be induced. These can 

be napped i n t o  t h e  ionosphere assuming t h e  magnetic f i e l d  

- 
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l i n e s  are e q u i p o t e n t i a l  l i n e s .  

Dungey (1961) proposes a j o i n i n g  of t h e  southward 

i n t e r p l a n e t a r y  f i e l d  w i t h  t h e  e a r t h ' s  f i e l d  (F igure  4 ) .  

The l i n e s  would be drawn through t h e  plasma about t h e  

e a r t h  and disconnected i n  t h e  t a i l  t h u s  c a u s i n g  plasma 

convect ion and induced electric f i e l d s .  

- Fe je r  (1963) describes t h e  ionospher ic  dynamo 

f i e l d  as t h a t  seen by an observer  moving w i t h  t h e  n e u t r a l  

p a r t i c l e s  i n  the absence of any p o l a r i z a t i o n  charges.  A 

p o l a r i z a t i o n  f i e l d  is an electric f i e l d  due t o  t h e  sepa- 

r a t i o n  of o p p o s i t e l y  charged particles. Assuming t h a t  l o w  

energy p a r t i c l e s  have a d r i f t  v e l o c i t y  perpendicular  t o  

B of  E x B/B , it is seen  t h a t  t h e s e  l o w  energy p a r t i c l e s  

take p a r t  i n  magnetospheric convect ion.  Higher energy 

particles are more a f f e c t e d  by t h e  d i p o l e  f i e l d  ( VI B 1 
d r i f t )  r a t h e r  t han  t h e  d r i f t  of ionosphe r i c  t i d a l  o r i g i n .  

These particles have e n e r g i e s  over 40 kev and behave a l -  

most independent ly  of t h e  t i d a l  d r i f t  v e l o c i t i e s .  The 

d i p o l e  d r i f t  v e l o c i t y  i s  w e s t  t o  east f o r  e l e c t r o n s  and 

east t o  w e s t  for i o n s  and is about  twenty t i m e s  g r e a t e r  

t h a n  t h e  d r i f t  v e l o c i t y  of t i d a l  o r i g i n .  The next  assump- 

t i o n  i s  t h a t  p o s i t i v e  e n e r g e t i c  particles are p r e s e n t  i n  

much larger numbers t h a n  particles of t h e  o t h e r  s ign .  The 

e n e r g e t i c  p a r t i c l e s  have an e a s t - w e s t  d r i f t  b u t  no outward 

2 
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o r  i n w a r d  motion, t h u s  w e  can assume they  are on s u r f a c e s  

of cons t an t  number d e n s i t y ,  These assumptions have been 

v e r i f i e d  i n  par t  by Explorer  1 2  r e s u l t s ,  (Davis -- and W i l -  

l iamson, 1 9 6 2 ) .  

I f  one now cons ide r s  outward convect ion of t h e  

magnetospheric plasma, t h e  lower energy particles (fol- 

lowing t h e  convect ion)  w i l l  d r i f t  o u t  through t h e  pro ton  

be l t  r e s u l t i n g  i n  an e f f e c t i v e  n e g a t i v e  charge on t h e  out- 

side and p o s i t i v e  charge on t h e  i n s i d e  of t h e  bel t .  P o l a r i -  

z a t i o n  f ie lds  are then  set up which cause  n e u t r a l i z a t i o n  

c u r r e n t s  t o  flow down t h e  f i e l d  l i n e s ,  s h o r t  a c r o s s  t h e  

a u r o r a l  zone and flow o u t  i n t o  t h e  magnetosphere aga in  

(F igure  5 ) .  The electric f i e l d  can a l s o  cause a H a l l  cur- 

r e n t  t o  flow east-west i n  t h e  a u r o r a l  zone ionosphere.  A 

r e v e r s a l  i n  c u r r e n t  can be a t t r i b u t e d  t o  an inward convec- 

t i o n  of t h e  magnetosphere. 

Fejer (1963) t hen  cons ide r s  c o - r o t a t i o n  i n  which 

t h e  n e u t r a l  p a r t  o f  t h e  atmosphere is  t aken  t o  r o t a t e  wi th  

t h e  e a r t h  a t  ionosphe r i c  h e i g h t s .  One can a l so  assume t h a t  

t h e  f o r c e  l i n e s  r o t a t e  w i t h  t h e  e a r t h  s i n c e  t h e  ionosphe r i c  

conduc t iv i ty  is high. Low energy plasma does n o t  rotate 

a t  h igher  a l t i t u d e s  (5-10RE), however, because of t h e  d i s -  

t o r t i o n  due t o  t h e  magnetic-solar wind i n t e r a c t i o n .  The 

solar wind i n t e r a c t i o n  t e n d s  t o  compress t h e  f i e l d  m o r e  on 
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the day side than on the night side. Thus, the low energy 

plasma is nearer the earth on the day side than at night. 

Energetic trapped protons follow magnetic field lines of 

constant magnitude in the equatorial plane, and thus, 

unlike the low energy particles, are closer to the earth 

at night. This results in a drift of low energy particles 

through the trapping region. The drift is inward between 

midnight and noon and reverses for the remainder of the 

day (Fejer, 1961). Continued neutralization of the high 

energy protons results in a current system similar to 

Figure 5 with the corresponding Hall current (which flows 

’ eastward before midnight and then reverses direction),also 

being present. 

Kern (1962) also proposes an electric field in the 

equatorial plane which is mapped down into the auroral 

zone. He suggests that a gradient in the magnetic field 

is somehow aligned parallel to the surfaces of constant 

number density which in turn causes a separation of the 

charged particles. 

A common feature of theories in which the electric 

field is mapped down from the magnetosphere is that the 

fields in the ionosphere would be primarily in a north- 

south direction. Theories which propose electric fields 

due to low altitude interaction of the neutral atmosphere 
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w i t h  t h e  magnetic f i e l d ,  however, can e x p l a i n  how east- 

w e s t  e lectr ic  f i e l d s  can be created. 

5. C r i t i c a l  Measurements 

There are s e v e r a l  c q i t i c a l  measurements essential  

t o  e x p l o r a t i o n  of t h e  auroral /magnetospheric  substorm 

process .  E l e c t r i c  f i e l d s  a r e  p r e d i c t e d  t o  be a primary 

i n f l u e n c e  i n  a u r o r a l  phenomena. A t  t h e  p r e s e n t  t i m e ,  only 

exp lo ra to ry  electric f i e l d  measurements have been made, 

and i f  a real knowledge of t h e  a u r o r a l  and magnetospheric 

p rocesses  is  t o  be  found, large scale electric f i e l d  map- 

p ing  must be accomplished. Earlier measurements by EaJ- 

leson  - and ---- Whitlock (1955),  Imyanitov - and Shvar t s  (1963) 

and --- Kavadas (1965) have provided inconc lus ive  d a t a  y e t  

va luab le  information towards improving t h e  electric f i e l d  

measuring techniques .  Recen t  measurements by Mozer and 

----- Bruston (1967) 8 --- K e l l e y  .-- e t  a l .  -- (1968) , and Maynard (1968) 

i n d i c a t e  t h a t  measureable (10-100 mv/m) f i e l d s  i n  t h e  au- 

r o r a l  zone exist  a l though t h e r e  are s o m e  d i sc repanc ie s  con- 

ce rn ing  t h e i r  magnitude and d i r e c t i o n .  These r e c e n t  measure- 

ments have been done us ing  a potent ia l  d i f f e r e n c e  measurement 

s i m i l a r  %o tha t  developed by - Aqqson - and Heppner (1965) 8 Fah - 
-- l e son  (1966), and P o t t e r  (1966) and d i scussed  elsewhere i n  t h i s  

paper. I n d i r e c t  measurements of  t h e  electric f i e l d  can a lso be 
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done using ionized barium clouds as has been reported by 

Haerendel et al. (1967) and FGppl -_. et al. (1967) .  There 
_._. 

are still too few quantitative measurements to allow a 

complete description of the electric fields during auroral 

displays. Further information can best be obtained by 

measurements in both quiet and active arcs as well as in 

the quiet ionosphere. 

Another vital series of measurements has been 

directed toward determination of the structure of the 

electrojet current. Some measurements have been made 

(Meredith _I- et al., 1958; Cahill, 1959; Scrase, 1967) but 

more specific questions will help to choose between various 

theories and models. Are the currents aligned with the 

visible aurora? Is the electrojet an ionospheric loop or 

a three dimensional current in the magnetosphere? What 

is the thickness, vertical extent, and intensity of the 

electrojet? These and other questions relating the electro- 

jet to the electric fields, the auroral displays and the 

magnetosphere have yet to be answered. 

The third critical series of measurements concerns 

the acceleration and precipitation of charged particle 

fluxes during the magnetospheric substorm. Are low energy 

charged particles present in the tail or on auroral field 

lines at the equator? What is the accelerating mechanism? 
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D o  e lec t r ic  f i e lds  cause t h e  a c c e l e r a t i o n ?  

S t a r t i n g  wi th  t h e s e  ques t ions  an experimental  

program has been planned. N o t  a l l  of t h e  ques t ions  can 

be answered by ionospher ic  i n v e s t i g a t i o n s ,  b u t  t h e r e  are 

s e v e r a l  experiments t h a t  are best done b y  sounding rocket. 

6 .  Purpose of  Auroral  Sounding Rocket Program 

The purpose of sounding rocke t  a u r o r a l  i n v e s t i -  

g a t i o n s  i s  d i r e c t  observa t ion  of t h e  p h y s i c a l  processes 

t a k i n g  place i n  and nea r  an a u r o r a l  d i sp l ay .  The a u r o r a l  

e lectrojet ,  charged par t ic le  p r e c i p i t a t i o n  and r e l a t i v e l y  

s t r o n g  e lec t r ic  f i e l d s  are expected t o  accompany t h e  d i s -  

play, as desc r ibed  i n  earlier s e c t i o n s .  The i n s t a n t a -  

neous a u r o r a l  ova l ,  b o t h  no r th  and south  p o l e  branches,  

are only  t h e  r i m s  o f  t h e  t o r o i d a l  shaped s h e l l s  of  plasma 

f i l l e d  magnetic f i e l d .  The primary processes are probably 

t a k i n g  place i n  t h e s e  s h e l l s  near  t h e  equator ,  b u t  t h e  

a u r o r a l  ova l s  should  con ta in  important  c lues .  

An important ,  y e t  l i t t l e  measured, parameter i s  

t h e  e lectr ic  f i e ld .  I t  w a s  assumed t h a t  t h e  component 

pe rpend icu la r  t o  t h e  f i e l d  l i n e s  w a s  greater t h a n  t h e  

para l le l  component so one of our experiments w a s  designed 

t o  measure t h e  component ( t r a n s v e r s e ) .  

A second f e a t u r e  of t h e  substorm i s  t h e  electrojet  



26 

c u r r e n t .  Ground and s a t e l l i t e  measurements  show t h a t  t h e  

c u r r e n t  e x i s t s .  The s t r u c t u r e  of t h e  c u r r e n t ,  i t s  r e l a t i o n  

t o  t h e  auroral d i s p l a y  and t o  t h e  electric f i e l d  are not 

known. A measurement of t h e  vec to r  magnetic f i e l d  pro- 

duced by t h e  c u r r e n t  would assist i n  deducing t h e  l o c a t i o n ,  

i n t e n s i t y ,  and s t r u c t u r e  of t h e  c u r r e n t .  The vec to r  com- 

ponents of t h e  f i e l d  as w e l l  as i ts  magnitude w e r e  t o  be 

measured  by three independent magnetometers, 

F i n a l l y  measurement of t h e  pro ton  and e l e c t r o n  

f l u x e s  wi th  good t i m e  and energy r e s o l u t i o n  w a s  planned. 

The r o l e  of these p a r t i c l e s  i n  producing t h e  a u r o r a l  dis- 

p l a y  ionospher ic  d i s tu rbance  and  electrojet  should be ex- 

p l a i n e d  i n  greater de ta i l .  The energy spectra and p i t c h  

ang le  d i s t r i b u t i o n s  of t h e  p a r t i c l e s  can provide  information 

about  p rocesses  o u t  i n  t h e  magnetosphere such as par t ic le  

source  and electric f i e l d  d i s t r i b u t i o n .  

Auroral  photometers w e r e  i nc luded  p r i n c i p a l l y  t o  

h e l p  de te rmine  t h e  l o c a t i o n  of t h e  rocke t  wi th  respect t o  

t h e  a u r o r a l  d i s p l a y s .  
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SECTION I11 

EXPERIMENTAL DESIGN AND TESTING OF ROCKET PAYLOAD 

1. General Desc r ip t ion  of Rocket Payload 

A series of f i v e  NIKE-TOMAHAWK sounding rocke t s  

w e r e  cons t ruc t ed  a t  t h e  U n i v e r s i t y  of  New Hampshire Space 

Sc ience  Center t o  measure  a u r o r a l  phenomena. The p r o j e c t  

w a s  funded under NASA c o n t r a c t  NGR 30-002-028 and Grant 

NsG-624, The  Un ive r s i ty  of C a l i f o r n i a  a t  San Diego con- 

t r i b u t e d  two charged p a r t i c l e  experiments t o  d e t e c t  low 

energy e l e c t r o n s  and pro tons .  The Un ive r s i ty  of Cal i -  

f o r n i a  packages w e r e  s e l f - con ta ined  and i n t e r n a l l y  powered. 

The only electrical  connect ion w a s  through t h e  rocke t  

t e l eme t ry  system c o n s t r u c t e d  by t h e  U n i v e r s i t y  of New 

Hampshire. The t o t a l  payload weight w a s  205 pounds and 

w a s  120" long and 9" i n  diameter .  

Seve ra l  p r o t o t y p e  payloads w e r e  cons t ruc t ed  before 

t h e  f i r s t  f l i g h t  model which w a s  f i r e d  i n  February,  1968. 

A f t e r  s u c c e s s f u l  completion of  t h a t  f l i g h t ,  fou r  s i m i l a r  

payloads w e r e  c o n s t r u c t e d  and f i r e d  i n  A p r i l  and May of 

1968. A l l  s h o t s  w e r e  m a d e  from t h e  Nat iona l  Research 

Council  Range a t  F t .  Church i l l ,  Manitoba; geographica l  

coord ina te s ,  58O45'N and 93O59'W. 
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The construction of the payload is seen in Figure 

8. Twenty subcarrier oscillators converted the experi- 

mental output voltages into varying frequencies which 

were summed at the mjxar amplifier and used to modulate 

the five watt FM transmitter. The ground station then 

recorded the transmitted signal on magnetic computer tape. 

Signal strengths of 20 to 50 microvolts/m were received 

during the flights. 

The principal University of New Hampshire experi- 

ments were an electric field meter for measuring the trans- 

verse component of the field, a proton precession magneto- 

meter for measuring the magnetic field magnitude, axial 

and transverse fluxgate magnetometers for obtaining the 

magnetic field components, two auroral photometers at 5577 A 

and 6300 A and a solid state particle detector for studying 

0 

0 

low energy electron fluxes. 

Since several sensitive magnetometers were flown, 

care was taken to limit the amount of magnetic materials on 

the payload. Stainless steel and brass hardware were used 

wherever possible. The lower payload frame consisted of 

aluminum decks and vertical straps while the top 12" was 

a support structure of fiberglass to hold the proton coil 

away from the payload and aluminum shell. 

as seen in Figure 9, was made of ceramic to prevent 

The nose cone, 
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e lec t r ica l  c u r r e n t  loops which would des t roy  t h e  pro ton  

s i g n a l .  S t r a y  magnetic f i e l d s  w e r e  reduced by us ing  

t w i s t e d  w i r e  pairs and non-magnetic p lugs  and batteries.  

The payload magnet ic  f i e l d  a t  t h e  pro ton  c o i l  

w a s  measured a t  t h e  Un ive r s i ty  of New Hampshire's Magnetic 

C o i l  F a c i l i t y  and w a s  found t o  be Zy 3- 17. 

The payload c o n s t r u c t i o n  w a s  s i m p l i f i e d  by us ing  

a f u l l  l e n g t h  aluminum channel  i n  which in t e rconnec t ing  

w i r e s  r a n  t o  connec tors  a t  each deck (F igure  8 ) .  The 

experiment decks could  be d isconnec ted  and e a s i l y  replaced 

wi th  o t h e r  decks i f  necessary .  An aluminum s h e l l  enc losed  

t h e  basic framework wi th  t w o  r e c t a n g u l a r  doors  f o r  t h o s e  

experiments  which needed direct  access t o  t h e  environment. 

The doors  remained closed u n t i l  about  80 k m ,  a t  which 

p o i n t  t h e y  w e r e  released s imul taneous ly  wi th  pyro technic  

b o l t  c u t t e r s .  The booms w e r e  t h e n  deployed. F igu re  10 

shows t h e  f i r i n g  c i r c u i t  f o r  b o t h  t h e  booms and  doors. 

Two a l t i t u d e  swi t ches  i n  p a r a l l e l  w e r e  used  i n  t h e  cir-  

c u i t s  t o  p reven t  accidental  s q u i b  f i r i n g  on t h e  ground i n  

case t h e  t i m e r  w a s  s tarted,  D i o d e s  which could  s u s t a i n  a 

large c u r r e n t  for  a s h o r t  t i m e  and t h e n  burn  o u t  w e r e  used 

as f u s e s  t o  p reven t  d i scha rge  of t h e  batteries i n  case 

t h e  squ ibs  s h o r t e d  t o  ground af ter  f i r i n g .  

I t  w a s  desirable t o  perform checks of the  experimental  
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payload through t h e  t e l eme t ry  bo th  on t h e  launcher  and 

i n  t h e  lab. Th i s  was done wi th  t h e  external c o n t r o l  box 

(F igure  11). Using t h e  c o n t r o l  box, one could  t u r n  on 

and o f f  t h e  payload experiments and t e l eme t ry  as w e l l  as 

charge t h e  s i l v e r  ce l l  bat ter ies  which powered t h e  ex- 

p e r i m e n t s  and t e l eme t ry .  The experiment performance could 

be determined by monitor ing t h e  t e l e m e t r y  s i g n a l s .  The 

e x t e r n a l  c o n t r o l  box w a s  a t t a c h e d  t o  t h e  rocke t  v i a  an 

u m b i l i c a l  cable us ing  a Deutsch p u l l  away connector  which 

p u l l e d  f r e e  a t  launch. The  rocke t  w i r i n g  (F igure  1 2 )  i n -  

co rpora t ed  l a t c h i n g  r e l a y s  t o  t u r n  on and off t h e  exper i -  

ments. I n  t h e  case a rocke t  w a s  launched wi th  t h e  i n t e r n a l  

power o f f ,  p a r a l l e l  a l t i t u d e  swi tches  which c l o s e d  a t  10,000 

feet  a p p l i e d  a vo l t age  t o  t h e  r e l a y s  which would t u r n  them 

on and hold them on f o r  t h e  remainder of t h e  f l i g h t .  A 

Raymond T i m e r  (Model 1060 "g" weight)  w a s  used t o  open t h e  

doors,  t u r n  on UCSD high v o l t a g e  and ex tend  t h e  UNH e lectr ic  

f i e l d  booms. The t i m e r  w a s  a c t i v a t e d  a t  launch by t h e  

a c c e l e r a t i o n  of t h e  rocke t .  

The rocke t  motor c o n s i s t e d  of a s o l i d  f u e l  NIKE 

f i r s t  s t a g e  and TOMAHAWK second stage. The i n i t i a l  s p i n  

rate w a s  7-8 rps. It  w a s  necessary  t o  reduce t h i s  t o  .5 

rps so  t h a t  t h e  booms would not  break off, T h i s  w a s  accom- 

p l i s h e d  using a ffyo-yof' symmetrical  desp in  u n i t  which w a s  
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extended a t  T + 43 seconds.  This  u n i t  c o n s i s t e d  of  weights 

on t h e  end of cables which, when r e l e a s e d ,  unwound from 

j u s t  below t h e  base  s e c t i o n .  

2, Electric F i e l d  Measurements 

a. M e  as u r e m  en t 
---u_-I 

Techniques. - -- Before an e lectr ic  

f i e l d  meter could be cons t ruc t ed ,  it w a s  necessary t o  

review the  var ious  requirements  for making electric f i e l d  

measurements .  The measurements w e r e  made by measuring 

t h e  p o t e n t i a l  d i f f e r e n c e  between probe areas extended on 

two opposed booms wi th  a known c o n s t a n t  s e p a r a t i o n .  Some 

of t h e  requirements  and problems a r e  l i s t e d  below. 

i. Due t o  charged p a r t i c l e  bombardment both  probes 

may be f l o a t i n g  a t  a nega t ive  o r  p o s i t i v e  po- 

t e n t i a l  wi th  r e s p e c t  t o  rocke t  ground. There 

would a l s o  be  a poten t ia l  d i f f e r e n c e  between 

t h e  two probes due t o  t h e  ambient e l e c t r o s t a t i c  

and x Ifj electric f i e l d s .  I n  order t o  measure 

t h e  electric f i e l d ,  it w a s  necessary  t o  measure 

t h e  p o t e n t i a l  d i f f e r e n c e  between t h e  probes 

w i t h  no response due t o  a conmon p o t e n t i a l  t h e  

probes may s h a r e ,  Th i s  could  be done us ing  a 

d i f f e r e n t i a l  amplifier wi th  a h igh  "common mode" 

r e j e c t i o n  r a t i o  (Malmstadt -- - e t  .- a l .  , 1963). 
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ii. The c u r r e n t  c o l l e c t e d  by t h e  probes was on t h e  

o rde r  of t o  IOw7 amps. With a c u r r e n t  

t h i s  low, it w a s  necessary  t o  u s e  a c i r c u i t  

which drew only a s m a l l  c u r r e n t  r e l a t i v e  t o  

t h e  c u r r e n t  be ing  c o l l e c t e d .  

f e c t  t r a n s i s t o r s  have a h igh  i n p u t  impedance 

and low leakage  c u r r e n t ,  t h e y  w e r e  p a r t i c u -  

l a r l y  s u i t e d  f o r  t h i s  a p p l i c a t i o n .  

S ince  f i e l d  e f -  

iii. Symmetrical pcobes and i d e n t i c a l  s u r f a c e s  and 

connec t ions  should be used s i n c e  c o n t a c t  po- 

t e n t i a l s  can r e s u l t  i n  inaccuracy i n  t h e  

e lec t r ic  f i e l d  measurements, These p o t e n t i a l s  

would be measured t h e  s a m e  as e x t e r n a l  poten- 

t i a l s .  For t h o s e  f l i g h t s ,  t h e  exposed probe 

areas w e r e  g o l d  p l a t e d  and p recau t ions  w e r e  

t aken  t o  keep t h e  s u r f a c e s  and l e n g t h s  of t h e  

booms as i d e n t i c a l  as possible. The booms 

should  a l s o  be long enough t o  avoid  an o v e r l a p  

of t h e  plasma s h e a t h  which forms about  m e t a l -  

l i c  o b j e c t s  i n  space. T h i s  ovz r l ap  can  vary 

t h e  boom p o t e n t i a l .  Longer booms a l s o  reduce 

t h e  a m o m t  t h e  rocke t  body s h i e l d s  t h e  probes 

from t h e  charged particle f l u x ,  t h u s  r e s u l t i n g  

i n  more symmetrical  c u r r e n t  c o l l e c t i o n .  
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iv. The electric field meter (as well as the other 

experiments) should have a signal to noise 

ratio, size, weight, and pouer consumption 

which is acceptable for sounding rocket use. 

Most of these requirements were met in the con- 

struction and design of the electronics and booms which 

are discussed later in this section. Another important 

consideration, however, was that the electric field mea- 

sured in the moving reference frame of the rocket was not 

only the ambient electrostatic field but the 'v x 5 field 

due to the probe motion in the magnetic field. The resul- 

tant field measured was then 
- - - 
E' = E, + x B 

or in terms of the electric field meter output 64 (Figure 

- 
& 4 =  (Eo + x 5 ) -  d 

where 2 is the vector distance between the midpoints of 
(9 )  

the probes. In this case, the total instantaneous poten- 

tial difference of the rocket is 

L@ =ad) 0 +LM1 (10) 

where 

(11) - -  
64, = Ed cos (d,E) 

kd1 = vBd sin (v,B) cos (v x B, d) (12) 
- -  - - -  

The separation I a / =  / l1 - l2 I is known froin the 
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p h y s i c a l  l ayout  of t h e  booms. This  remained cons t an t  

dur ing  t h e  f l i g h t .  The measured e lec t r ic  f i e l d  w a s  t hen  

determined by 

I n  t h e  auroral  zone (100-130 km) t h e  electric 

If1 d j i s  2 f i e l d s  w e r e  e s t ima ted  t o  be LO t o  100 mv/m. 
- -  

meters, v i s  1.5 km/sec and s i n  (v,B) is 1 / 2  (e = 30°), t h e  

maximum , due t o  x - 5 for a magnetic f i e l d  of .6 

gauss ,  would be 290 mv. From t h i s  exainple it i s  e a s i l y  

seen t h a t  t h e  x f i e l d  can be t h e  s a m e  o rde r  of  magni- 

t u d e  o r  g r e a t e r  t han  t h e  ambient e lectr ic  f i e l d .  Due t o  

t h e  changing ang le  between and E, when f i r i n g  northward, 

t h e  induced vo l t age  would be less on t h e  downward p o r t i o n  

of t h e  f l i g h t  t han  on t h e  upward leg. The accuracy of t h e  

electric f i e l d  measurement i n  p a r t  depended upon t h e  ac- 

curacy of determining t h e  x fi f i e l d .  S i n c e  t h e  output  

depends an t r i g o n o m e t r i c  func t ions ,  it w a s  d e s i r a b l e  t o  

have t h e  probe system r o t a t i n g  t o  o b t a i n  bo th  maximum and 

minimum o u t p u t s  as w e l l  as t o  p a r t i a l l y  e l i m i n a t e  problems 

due t o  a m p l i f i e r  d r i f t  and c o n t a c t  p o t e n t i a l  e r r o r .  A 

d i s c u s s i o n  of  t h e  c u r r e n t  ba lance  equa t ion  a p p l i c a b l e  h e r e  

is found i n  Appaiidix A, 

b, Electr ic  F i e l d  Booms. I n  o rde r  t o  nake ac- 
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c u r a t e  e lectr ic  f i e l d  measu remen t s ,  it w a s  necessary  t o  

make accclrate p o t e n t i a l  d i f f e r e n c e  measurements  between 

two c u r r e n t  c o l l e c t i o n  areas s e p a r a t e d  by a known d is -  

tance .  The reg ion  of primary i n t e r e s t  w a s  approximately 

100 t o  130 km where t h e  auroxal  d i s p l a y s  w e r e  l i k e l y  t o  

occur .  c a l c u l a t i o n s  of  t h e  Debye l e n g t h  i n  t h i s  reg ion  

show it i s  on t h e  o r d e r  of l o w 2  meters. 

t o  have t h e  probe area extend beyond t h e  rocke t  body by a t  

least  t h e  Debye l eng th .  I f  t h e  probes w e r e  c l o s e r  t o  t h e  

rocke t  body than  t h e  Debye l eng th  (AD) ,  t h e r e  would be 

ove r l ap  between t h 3  rocke t  and probe shea th  which could 

s e r i o u s l y  a f f e c t  t h e  c u r r e n t  c o l l e c t e d  by t h e  probes.  The 

c u r r e n t  c o l l e c t i n g  probes were a c t u a l l y  p a r t  of a c y l i n d r i c a l  

meta l l ic  boom which se rved  a s  a conductor  i n t o  t h e  payload,  

The booms w e r e  5 5 "  long w i t h  t h e  i n n e r  54" nea r  t h e  pay- 

load  bzing i n s u l a t e d .  There w e r e  two c o l l i n e a r  booms 

mounted on each payload. The s e p a r a t i o n  of t h e  midpoints  

of t h e  probe area was aboclt 114". It is  e a s i l y  seen  t h a t  

s h o r t  s e p a r a t i o n  d i s t a n c e s  wou ld  not be  a p p l i c a b l e  f o r  u s e  

i n  s a t e l l i t e s  where it i s  c a l c u l a t e d  t h a t  a t  an a l t i t u d e  of 

50,000 km t h e  XD i s  -40 m, 

It was d e s i r a b l e  

Previous measurements (Mozer and Bruston, - 1967) in-  

d i c a t e d  t h a t  proSlems exist  i n  measuring t h e  v e r t i c a l  elec- 

t r i c  f i e l d  cotxponent (parallel  t o  the  magnetic f i e l d )  s i n c e  a 

--I _L_ 
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l a r g e  probe s e p a r a t i o n  i s  d i f f i c u l t  t o  achieve  along t h e  

v e r t i c a l  rocke t  s p i n  a x i s .  Also l a c k  of a s i n u s o i d a l  s p i n  

modulation makes c o n t a c t  p o t e n t i a l s  and o t h e r  DC e f f e c t s  

more s e r i o u s  problems. I n  a d d i t i o n ,  p r e s e n t  t h e o r i e s  

( K e r n ,  1962)  i n d i c a t e  only s m a l l  e lec t r ic  f i e l d s  on t h e  

o rde r  of microvolts/m may be expected p a r a l l e l  t o  t h e  mag- 

n e t i c  f i e l d  because of t h e  high s p e c i f i c  conduc t iv i ty  along 

t h e  rnagnetic f i e l d  l i n e s .  The h o r i z o n t a l  f i e l d ,  however, 

i s  expected t o  be on t h e  o rde r  of 10-100 mv/m and t h u s  

would be more r e a d i l y  measured by a r o t a t i n g  probe s y s t e m .  

I n  t h i s  developmental s t a g e ,  it w a s  decided t o  measu re  

t h e  t r a n s v e r s e  electric f i e l d  ( t h e  f i e l d  pe rpend icu la r  t o  

t h e  s p i n  a x i s  w a s  measured; t h i s  i s  a few degrees  from 

be ing  p a r a l l e l  t o  t h e  e a r t h ' s  s u r f a c e ) .  The technique  used 

was t o  mount t h e  boons s o  t h a t  t h e y  w e r e  symmetr ical ly  op- 

posed and pe rpend icu la r  t o  t h e  s p i n  a x i s  of t h e  rocke t  

payload. The booms w e r e  extended a t  T + 60 seconds a t  

which t i m e  t h e  rocke t  a l t i t u d e  was -90.5 km and t h e  velo- 

c i t y  w a s  -1.76 km/sec, The probes had t o  be extended 

s imul taneous ly  t o  avoid  inducing precession i n  t h e  pay- 

load  motion which could  make t h e  rocke t  u n s t a b l e  as w e l l  

as causing problems i n  d a t a  r educ t ion .  

The large number of experiments on t h e  payload meant 

a l i m i t e d  amount of space  w a s  a v a i l a b l e  f o r  t h e  booms. 



I n s t e a d  o f  us ing  mechanical fold-out  boom,  it w a s  decided 

t o  use  an  u n f u r l a b l e  t y p e  which c o n s i s t e d  of  fou r  l a y e r s  

of h e a t  treated .002” t h i c k  b e r y l l i u m  copper tape i n i t i a l l y  

wound on a drum, and when extended, had a c y l i n d r i c a l  cross 

s e c t i o n .  The des ign  w a s  such t h a t  pyro technic  squibs ,  ig- 

n i t e d  b y  t h e  “g weight”  t i m e r  and experiment batteries,  

would release t h e  drums s imul taneous ly ,  A s  t he  drum went 

outward, t h e  boom formed behind it u n t i l  t h e  end o f  t h e  

tape w a s  reached, t h e  spools cont inued  t r a v e l l i n g  outward 

and f e l l  away. The p r i n c i p l e  of o p e r a t i o n  w a s  somewhat l i k e  

a m e t a l  c a r p e n t e r ’ s  r u l e  (F igure  1 4 ) .  S ince  t h e  boom it- 

s e l f  w a s  a conductor,  it w a s  used t o  connect t h e  probe area 

t o  t h e  payload. The i n n e r  p o r t i o n  (54”)  w a s  i n s u l a t e d  wi th  

GC a c r y l i c  wh i l e  t h e  o u t e r  c u r r e n t  c o l l e c t i n g  area w a s  g o l d  

p l a t e d  t o  i n s u r e  uniform, i d e n t i c a l  s u r f a c e s .  The boom 

diameter w a s  ,512” and w a s  formed f r o m  a 2 ”  w i d e  tape. The 

booms w e r e  i n s u l a t e d  from t h e  rocket body by a nylon base 

u n i t  which w a s  mounted on t h e  deck plates.  The booms ex- 

tended  through t h e  doors  which w e r e  opened a t  T + 55 seconds.  

DeHavilland A i r c r a f t  of Canada c o n s t r u c t e d  t h e  boom u n i t s  

and d i d  t h e  p r e f l i g h t  t e s t i n g  and computer a n a l y s i s  of  t h e  

s p i n  r educ t ion  and r e s u l t i n g  forces on t h e  booms. 

c. Electr ic  -- F i e l d  E l e c t r o n i c s .  The e lectr ic  f i e l d  

m e t e r  used on t h e s e  rockets w a s  s i m i l a r  t o  t h e  one designed 



38 

ear l ier  by  t h e  au thor  (Po t t e r ,  --- 1966) .  The basic p r i n c i p l e  

of ope ra t ion  w a s  one of making a p o t e n t i a l  d i f f e r e n c e  m e a -  

surement between two c u r r e n t  c o l l e c t i o n  areas s e p a r a t e d  by 

extending them on booms. S i n c e  t h e  c o l l e c t i o n  c u r r e n t s  

w e r e  r e l a t i v e l y  s m a l l  (-10'~ - amps), it w a s  neces- 

s a r y  t o  use  a h igh  i n p u t  impedance dev ice  t o  m e a s u r e  t h e  

p o t e n t i a l  d i f f e r e n c e  without ,  i n  e f f e c t ,  " s h o r t i n g  out"  t h e  

f i e l d .  The m e t e r  w a s  t o  have had a h igh  enough imput i m -  

pedance (-10 - 10 ohms) t o  measure m i l l i v o l t  s i g n a l s  

whi le  drawing only a minimal c u r r e n t  (-10 

requirements r e l e v a n t  t o  space f l i g h t  u s e  ( s i z e ,  power, 

weight,  a b i l i t y  t o  wi ths t and  v i b r a t i c n )  w e r e  a l s o  taken  

i n t o  cons ide ra t ion .  

8 10 

amps). The -10 

A measurement of  t h i s  t y p e  w a s  best done us ing  a 

d i f f e r e n t i a l  a m p l i f i e r  which would measure only  t h e  d i f -  

f e r ence  p o t e n t i a l  between t h e  i n p u t s  and no t  t h e  DC vo l t age  

l e v e l  t h a t  bo th  probes might be sha r ing .  Th i s  w a s  necessary  

because it w a s  expected t h a t  bo th  probes might have a 

n e a r l y  i d e n t i c a l  nega t ive  p o t e n t i a l  w i th  respect/ to t h e  

rocke t  ground s i n c e  t h e  e l e c t r o n  f l u x  h i t t i n g  them would 

be greater t h a n  t h e  p ro ton  f l u x  due t o  t h e  h ighe r  thermal 

v e l o c i t y  of t h e  e l e c t r o n .  Two h igh  i n p u t  impedance "vo l t age  

fo l lowers"  (ga in  of  one) w e r e  c o n s t r u c t e d  which would each 

measure t h e  po ten t i a l  of a r e s p e c t i v e  probe wi th  respect t o  
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rocke t  ground. The ou tpu t s  

a NEXUS SQ-loa d i f f e r e n t i a l  

d i f f e r e n c e  p o t e n t i a l  t o  a + - 

of t h e s e  w e r e  then  f e d  i n t o  

a m p l i f i e r  which ampl i f i ed  t h e  

2.5 v o l t  l e v e l  which modulated 

t h e  t e l eme t ry  subcarrier channel 7 ope ra t ing  a t  1.7kI-I~ I- 

7.5% (Figure  1 5 ) .  

- 

The m o s t  c r i t i c a l  par ts  of  t h e  c i r c u i t  are t h e  t w o  

i n p u t  vo l t age  fo l lowers .  The i n p u t  impedance of  such de- 

v i c e s  as NPN and PNP t r a n s i s t o r s  w a s  too  l o w  f o r  a p p l i c a t i o n  

i n  t h i s  case so it w a s  decided t o  u s e  f i e l d  e f f e c t  t r a n -  

s i s t o r s  (FET) f o r  t h e  i n p u t  s t a g e .  These devices  a c t e d  as 

c u r r e n t  g a t e s  and t h u s  a vo l t age  on t h e  ' 'gate" c o n t r o l l e d  

t h e  c u r r e n t  f lowing between t h e  " d r a i n "  and t h e  "source".  

The c u r r e n t  c o l l e c t i n g  area (probes) w a s  a t t a c h e d  d i r e c t l y  

t o  t h i s  gate  which drew only  a very s m a l l  c u r r e n t  s i n c e  it 

w a s  t h e  space charge about  t h e  gate  which determined t h e  

c u r r e n t  flow between t h e  d r a i n  and t h e  sou rce  by e f f e c t i v e l y  

narrowing o r  broadening t h e  c u r r e n t  channel.  

The FET chosen (2N3955) w e r e  pa i r s  wi th  matched 

c h a r a c t e r i s t i c s  and w e r e  s e a l e d  i n  one case. one t r an -  

sistor of each pair  w a s  used i n  each vo l t age  fol lower so  

t h a t  i n  each c i r c u i t  t h e  corresponding FET's would be 

matched pa i r s  (F igure  1 6 ) .  Other t r a n s i s t o r s  i n  t h e  c i r c u i t  

w e r e  s e l e c t e d  by  matching g a i n s  s ince  each v o l t a g e  fol lower 

had t o  be as n e a r l y  i d e n t i c a l  as possible s i n c e  a h igh  common 
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mode r e j e c t i o n  r a t i o  w a s  des i r ed .  A cons t an t  c u r r e n t  sup-  

p l y  w a s  used i n  each c i r c u i t  t o  i n s u r e  s t a b i l i t y  of opera- 

t i o n  f o r  d i f f e r e n t  supply volkages and tempera tures .  The 

vo l t age  fo l lowers  had a u n i t y  g a i n ,  The ou tpu t s  of  t h e  

vo l t age  fo l lowers  went i n t o  a d i f f e r e n t i a l  amplifier w i t h  

ze ro  DC o f f s e t .  Th i s  had a g a i n  determined by t h e  feed- 

back and summing resistors which w a s  changed during f l i g h t  

by switching i n  d i f f e r e n t  r e s i s t o r s  us ing  a c a l i b r a t i o n  

c i r c u i t  shown i n  F igu re  1 7 .  

The output  range of t h e  c i r c u i t  w a s  p l u s  and minus 

2 . 5  v o l t s  w i th  respect t o  rocke t  ground. Trimming r e s i s t o r s  

w e r e  provided i n  t h e  c i r c u i t  t o  compensate f o r  s m a l l  d i f -  

f e r ences  i n  components. O n e  p e r c e n t  precision r e s i s t o r s  

w e r e  used wherever needed t o  i n s u r e  t h a t  t h e  c i r c u i t s  would 

be as i d e n t i c a l  as possible. 

S ince  t h i s  w a s  a f a i r l y  new measuring technique,  

d i f f e r e n t  t ypes  of i n - f l i g h t  c a l i b r a t i o n  w e r e  used on t h e  

var ious  f l i g h t s .  All f l i g h t s  had e lectr ic  f i e l d  meters 

wi th  two l i n e a r  ranges.  I n  t h e  f i r s t  f l i g h t  t h e  e lectr ic  

f i e l d  m e t e r  c a l i b r a t i o n  c o n s i s t e d  of s h o r t i n g  t h e  probes 

t o  determine a z e r o  l e v e l  and apply ing  a known vo l t age  t o  

t h e  i n p u t s  t o  determine i t s  proper ope ra t ion .  The swi tch ing  

w a s  done us ing  astable and monostable m u l t i v i b r a t o r s .  The 

need for  a h igh  i n p u t  impedance e l i m i n a t e d  t h e  p o s s i b i l i t y  
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of electronic switching across the input and mechanical 

relays were used. Another type of calibration used on 

later flights consisted of putting 2 x l o 5  ohms between 

the probes for a period and then applying + 3.3 volts to 

the probes which biased them up from their expected nega- 

tive floating potential. Regulators were used on the vol- 

tage supplies for the experiment. 

The testing of the meter has been described more 

completely elsewhere (Potter, -I- 1966) but essentially in- 

cludes temperature, common mode, power supply variation, 

and repeatability tests. A l s o  measured was the input im- 

pedance and frequency response of each unit. An input im- 

pedance of 5 x lo8 ohms with a frequency response linear to 

30 cycles was used on the Ft. Churchill flights. 

3. Magnetic Measurements 

a. - Experimental - Techniques, To determine the ex- 
istence of ionospheric currents during the flight, it was 

necessary to obtain information of the magnetic field mag- 

nitude and direction. To find this information, three 

magnetometers were flown on each payload. They consisted 

of a proton precession magnetometer, a transverse magneto- 

meter(perpendicu1ar to payload spin axis) and an axial 

(parallel to payload spin axis) fluxgate magnetometer. 
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A s  wi th  t h e  o t h e r  experiments, RF f i l t e r s  w e r e  p l aced  i n  

t h e  input-output  l i n e s  wherever necessary  t o  b lock  RF i n -  

t e r f e r e n c e .  The va lue  of t h e s e  f i l t e r s  w a s  c l e a r l y  seen  

when they  w e r e  omi t ted  and t h e  package opera ted  with t h e  

t r a n s m i t t e r  on. I n  many cases, t h e  s i g n a l  t o  n o i s e  r a t io  

decreased t o  a p o i n t  where t h e  s i g n a l  would have been un- 

usable ,  o r  t h e  c i r c u i t  s tar ted o s c i l l a t i n g  due t o  i t s  high 

ga in .  

b. --- Proton ----- Precess ion  -- Magnetometer. The pro ton  

magnetometer w a s  s imi l a r  t o  t h e  one used by -- Maynard - (1966) 

and w a s  cons t ruc t ed  i n  t h e  lab. The des ign  w a s  an adap- 

t a t i o n  of t h o s e  of Packard and Varian (1954),  Waters (1955),  

and ---- C a h i l l  (1959). By applying a p o l a r i z i n g  magnetic f i e l d  

much g r e a t e r  (a t  l eas t  two o r d e r s  of  magnitude) t han  t h e  

----- -- -_I_ 

e a r t h ' s  f i e l d  t o  a con ta ine r  of  kerosene which w a s  r i c h  i n  

hydrogen n u c l e i ,  t h e  p ro ton  s p i n  axes  became a l i g n e d  along 

t h e  p o l a r i z i n g  f i e l d .  I f  t h e  p o l a r i z i n g  f i e l d  w a s  then  

removed, t h e  p ro tons  would p r e c e s s  about  t h e  e a r t h ' s  f i e l d ,  

and t h u s  induce a s m a l l  AC vo l t age  a t  t h e  p recess ion  f r e -  

quency i n  a w i r e  c o i l  about  t h e  c o n t a i n e r  of kerosene. The 

magnetic f i e l d  is p r o p o r t i o n a l  t o  t h e  p recess ion  frequency 

as seen  i n  t h e  Larmor  equat ion 

P 
2 K F  

1_- 

B =  
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where y is the gyromagnetic ratio of nucleus and F is 

the precession frequency. The accuracy of measurement is 

The determined by y (known to two parts in 10 ) and F 

polarizing coil, when disconnected from the polarizing sup- 

P P 

5 
P P- 

ply, was connected to the high gain preamp and main amp 

and used as a pickup coil. To obtain complete alignment 

with the field, the polarize cycle must necessarily be 

longer than the relaxation time; thus, the polarize cycle 

lasted approximately 0.8 seconds. The kerosene relaxation 

time was about 0.7 seconds compared to a two second relaxa- 

tion time for water. Water could be used; however, the 

rate of taking measurements would be decreased by a factor 

of 3. 

The coil output has been written by Cahill .- and -- Van 

(1956) as : 

('y B t) volts 
P e  

where 
I 

y = gyromagnetic ratio of the proton 
P 

(2.67513 + -0002 x lo4 radians/sec.-gauss, - 
---- Driscoll and -- Bender, 1958) 

X = paramagnetic susceptibility of the protons 

K = geometric factor 

A = cross section of sample 

N = number of turns 
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= p o l a r i z i n g  f i e l d  
BO 

t = t i m e  i n  seconds 

T = t r a n s v e r s e  r e l a x a t i o n  t i m e  

8 = a n g l e  between e a r t h ' s  f i e ld  and co i l  a x i s  

B = e a r t h ' s  f i e l d  e 

2 Due t o  t h e  s i n  8 dependence, t h e r e  w a s  no s i g n a l  

when t h e  co i l  a x i s  w a s  para l le l  t o  t h e  magnetic f i e l d .  For 

t h i s  reason t h e  c o i l  a x i s  on t h e  payload w a s  p l aced  perpen- 

d i c u l a r  t o  t h e  payload s p i n  a x i s  s i n c e  t h e  magnetic f i e l d  

a t  F t .  Church i l l  w a s  expacted t o  make only a s m a l l  ang le  

wi th  t h e  s p i n  a x i s .  

There w e r e  e s s e n t i a l l y  t h r e e  basic c i r c u i t s  compri- 

s i n g  t h e  magnetometer e l e c t r o n i c s ,  An astable mul t iv i -  

bratcr w a s  used t o  swi tch  t h e  senso r  c o i l  t o  t h e  p o l a r i z i n g  

bat ter ies  and a l t e r n a t e l y  t o  t h e  h igh  g a i n  preamp and main 

a m p .  Due  t o  t h e  high (4  a m p )  c u r r e n t  used during t h e  pola- 

r i z e  cyc le ,  r e l a y s  which could wi ths t and  a maximum of 5 

amps w e r e  chosen. During t h e  p o l a r i z e  cyc le ,  no data could  

be ob ta ined  s i n c e  t h e  amplifier w a s  d i sconnec ted  from t h e  

coi l .  

The preamp had a g a i n  of about  3000 and ampl i f i ed  

t h e  s i g n a l  t o  about  10 mv. It  w a s  a tuned a m p l i f i e r  w i th  

l o w  n o i s e  RCA 2x220 germanium t r a n s i s t o r s .  There w e r e  

t h r e e  basic stages, t h e  f i rs t  be ing  a tuned, t ransformer  
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coupled a m p l i f i e r .  The second s t a g e  w a s  an untuned vol- 

t a g e  a m p l i f i e r  and t h e  t h i r d  w a s  used f o r  low ou tpu t  impe- 

dance and i s o l a t i o n  of prev ious  s t a g e s  from possible loading  

e f f e c t s  (F igu re  2 0 ) .  

The main amplifier c o n s i s t e d  of fou r  stages with a 

r e s u l t i n g  +2.5 v o l t  c l i p p e d  olitput s i g n a l  (F igure  2 1 )  which 

modulated t h e  1 2 4  kHz s u b c a r r i e r  o s c i l l a t o r  (F igure  2 2 ) .  

The f i r s t  t w o  stages w e r e  voltage a m p l i f i e r s ,  t h e  second 

of which c l i p p e d  t h e  s i g n a l  t o  dec rease  t h e  e f f e c t  of no i se .  

The t h i r d  s t a g e  w a s  used f o r  impedance matching i n t o  t h e  

f o u r t h  s t a g e  bandpass f i l t e r  and ano the r  v o l t a g e  fo l lower .  

A d e t a i l e d  d e s c r i p t i o n  of t h e  c i r c u i t  i s  found i n  t h e  re- 

p o r t  by Maynard (1966). The magnetometers f o r  t h e  F t .  

Church i l l  f l i g h t s  had a c e n t e r  frequency of 2460 Hertz  

w i t h  a bandpass f i l t e r  width of + 160 Her tz ,  The s i g n a l  

t o  n o i s e  r a t i o  uas better than  3:l .  Each u n i t  had t o  be 

- 

- 

tuned s e p a r a t e l y  due t o  s l i g h t  v a r i a t i o n s  i n  t h e  t r a n -  

sistors and components. The t u n i n g  had t o  be done keeping 

i n  mind t h e  locale a t  which t h e  magnetoneter w a s  used and 

t h e  magnetic f i e l d s  expected t h e r e ,  The p r e a m p l i f i e r  and 

main a m p l i f i e r  w e r e  p u t  i n t o  separate boxes t o  reduce t h e  

p o s s i b i l i t y  of o s c i l l a t i o n .  

W i t h  t h e  co i l  a t t ached ,  t h e  preamp w a s  tuned  by 

wrapping a s i n g l e  t u r n  of w i r e  about  t h e  senso r  coi l  and 



d r i v i n g  t h i s  wi th  a v a r i a b l e  frequency o s c i l l a t o r ,  Using 

t h i s  induced frequency, t h e  f i l t e r s  w e r e  tuned by a d j u s t i n g  

t h e  proper  components, The main a m p  w a s  s i m i l a r l y  tuned 

w i t h  a 10 mv audio  o s c i l l a t o r  s i g n a l  on t h e  inpu t .  When 

t h e  u n i t s  w e r e  connected toge the r ,  f u r t h e r  f i n e  tun ing  w a s  

done by inducing a weak s i g n a l  i n  t h e  senso r  c o i l .  

I n  l o c a t i o n s  where t h e  f i e l d  r e s u l t s  i n  a frequency 

o u t s i d e  t h e  bandpass, t h e  magnetometers could  no t  be tested 

except  i n  a c o i l  system l i k e  t h a t  a t  t h e  Un ive r s i ty  of New 

Hampshire, A t  F t .  Church i l l ,  t h e  f i e l d  w a s  such t h a t  t h e  

s i g n a l  could  be seen on t h e  ground provided t h a t  t h e  senso r  

c o i l  was taken  away from a l l  b u i l d i n g s  and power l i n e s .  

Correc t  o p e r a t i o n  w a s  qu ick ly  determined by p l a c i n g  a steel 

wrench nea r  t h e  coil .  I f  t h e  u n i t  operated c o r r e c t l y ,  t h e  

g r a d i e n t  f r o m  t h e  wrench would d e s t r o y  t h e  s i g n a l ,  N o  in -  

f l i g h t  c a l i b r a t i o n  w a s  needed s i n c e  t h e  frequency is deter- 

mined on ly  by  t h e  magnetic f i e l d  and t h e  y nuc lea r  c o n s t a n t .  
P 

The p ro ton  c o i l  assembly c o n s i s t e d  of 700 t u r n s  of 

#16 copper w i r e  wrapped on a pheno l i c  c y l i n d e r  i n  which a 
/ 

po lye thy lene  b o t t l e  con ta in ing  kerosene  w a s  r i g i d l y  he ld .  

The co i l  w a s  covered w i t h  a f l e x i b l e  p r i n t e d  c i r c u i t  board  

w i t h  strips e tched  away. The strips w e r e  connected a t  one 

end and provided  an  electrostatic s h i e l d  t o  reduce n o i s e  

pickup wi thou t  c r e a t i n g  conduct ive loops which would des t roy  
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any s i g n a l .  The co i l  w a s  p u t  on its s ide  and foamed i n t o  

a l a r g e r  pheno l i c  c y l i n d e r  which w a s  t h e n  mounted so t h a t  

t h e  c o i l  a x i s  w a s  pe rpend icu la r  t o  t h e  s p i n  a x i s  of  t h e  

payload (F igure  2 3 ) .  

c. -- A x i a l  F luxgate  Magnetometer. 7 I t  w a s  desirable 

t o  measure one component of t h e  vec to r  magnetic f i e l d  s i n c e  

t h e  o t h e r  components cou ld  t h e n  be found us ing  t h e  in fo r -  

mation from t h e  p ro ton  p recess ion  magnetometer and t h e  t r a n s -  

ve r se  f l u x g a t e  magnetometer. A h igh  s e n s i t i v i t y  measure-  

ment w a s  d e s i r e d .  T h i s  w a s  d i f f i c u l t ,  however, s i n c e  t h e  

f i e l d  t o  be measured w a s  a r e s u l t a n t  vec to r  f i e l d  c o n s i s t i n g  

of t h e  e a r t h ' s  f i e l d  of about  60,OOOy and a smaller f i e l d  .. 

d u e  t o  t h e  electrojet  c u r r e n t  ( i f  p r e s e n t )  on t h e  o rde r  of 

100 t o  5000y .  The problem, then ,  w a s  t o  measure a c c u r a t e l y  

a f i e l d  of 55,000)' t o  6 4 , 0 0 0 ~  wi th  an instrument  wi th  a 

range of +250Oy. - 
The problem w a s  r e so lved  by  M r .  Shadrack I f e d i l i  

who mounted t h e  a x i a l  s enso r  i n  a pheno l i c  c y l i n d e r  and 

wound a c o i l  over it so  t h a t  t h e  senso r  w a s  i n s i d e  t h e  sole- 

noid.  D i f f e r e n t  c u r r e n t s  w e r e  applied t o  t h e  c o i l  by means 

of a 7 stage r i n g  counter  triggered by an astable mul t i -  

v i b r a t o r  (F igure  2 7 ) .  The r ing  counter  (F igure  28)  con- 

t r o l l e d  a p r e c i s i o n  cons t an t  c u r r e n t  supply which a p p l i e d  

7 d i f f e r e n t  c u r r e n t s  t o  t h e  c o i l  every  second (F igure  2 9 ) .  
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The changing c u r r e n t s  r e s u l t e d  i n  changing magnetic f ie lds  

of known l e v e l s  a t  t h e  sensor .  These l e v e l s  w e r e  de t e r -  

mined by ca l ibra t ion  a t  t h e  UNH Magnetic Observatory C o i l  

F a c i l i t y .  

When ope ra t ing ,  t h e  f l u x g a t e  would be i n  s a t u r a t i o n  

on a l l  b u t  one or t w o  of t h e  steps. The applied bucking 

f i e l d  on each c u r r e n t  step w a s  known t o  w i t h i n  +50y. The - 
p o s i t i o n  on t h e  staircase genera ted  w a s  determined by put -  

t i n g  t h e  programmed steps through a vo l t age  d i v i d e r  and i n -  

t o  t h e  .56 kHz s u b c a r r i e r  o s c i l l a t o r .  The programming cir- 

c u i t s  w e r e  p u t  on p r i n t e d  c i r c u i t  boards  and mounted and 

foamed i n  a brass box. The c u r r e n t s  needed t o  produce t h e  

r e q u i r e d  "bucking" f i e l d s  w e r e  c a l c u l a t e d  f i r s t  and f i n e  

adjustments  w e r e  made dur ing  t h e  c a l i b r a t i o n  procedure.  

d. Transverse  --- Fluxgate  Magnetometer. The magneto- 

m e t e r  used i n  t h i s  case w a s  a Schonstedt  Model MND-5C-25 

Magnetic Nu l l  Sensor which i s  a monaxial f l u x g a t e  wi th  a 

range of +250Oy. The senso r  c y l i n d e r  w a s  mounted wi th  i t s  - 
a x i s  pe rpend icu la r  t o  t h e  rocke t  s p i n  axis.  I n  t h i s  con- 

f i g u r a t i o n ,  it w a s  used p r i m a r i l y  t o  ge t  a n  a c c u r a t e  phase 

a n g l e  of BL dur ing  t h e  s p i n  c y c l e  and secondar i ly  t o  ob- 

t a i n  an  a c c u r a t e  s p i n  rate of t h e  payload. A high sensi- 

t i v i t y  ins t rument  w a s  used s i n c e  it would go i n t o  satura- 

t i o n  and provide  a f a i r l y  s h a r p  squa re  wave output  f r o m  
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which t h e  s p i n  ra te  and zero c r o s s i n g  could  be p r e c i s e l y  

determined. The same model w a s  used f o r  t h e  ax ia l  f i e l d  

measurement.  It  had a 0 t o  + 5 v o l t  ou tpu t  determined from 

t h e  equat ion  

E = 2.50 - .OO K H COS cp (16) 4 
where H i s  t h e  ambient f i e l d  i n  m i l l i o e r s t e d s ,  K i s  t h e  

s e n s i t i v i t y  (100 m i l l i v o l t s  per m i l l i o e r s t e d ) ,  cp i s  t h e  

a n g l e  between t h e  f i e l d  and t h e  p o s i t i v e  senso r  a x i s ,  and 

E i s  t h e  vo l t age  ou tpu t .  From t h i s  equat ion  w e  see t h a t  

when cp = 90° o r  270°, t h e  output  w i l l  be 2.50 v o l t s  which 

corresponds t o  t h e  center c r o s s i n g  of t h e  squa re  wave. 

With t h i s  in format ion ,  w e  cou,ld determine when t h e  mag.netic 

f i e l d  made a r i g h t  a n g l e  w i t h  t h e  senso r  a x i s .  The in-  

s t r u m e n t  w a s  used a s  d e l i v e r e d  from t h e  s u p p l i e r  wi th  no 

mod i f i ca t ions  made. The senso r  c y l i n d e r  w a s  mounted p a r a l -  

l e l  t o  a deck plate  i n  a pheno l i c  b lock  w i t h  t h e  e l e c t r o -  

n i c s  and t h e  a x i a l  magnetometer on t h e  s a m e  deck. 

4. Aurora l  Photometers 

M r .  Lar ry  choy c o n s t r u c t e d  t w o  a u r o r a l  photometers 
0 

which recorded t h e  i n t e n s i t y  of atomic oxygen l i n e s  5577 A 

and 6300 A,  The d a t a  from t h e s e  w a s  used i n  conjunct ion  
0 

w i t h  ground a l l  sky cameras and photometers t o  locate t h e  

a u r o r a l  d i s p l a y s  wi th  respect t o  t h e  r o c k e t  l o c a t i o n  a t  any 
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p a r t i c u l a r  t i m e  and t o  f i n d  t h e i r  i n t e n s i t y .  The  expected 

l i g h t  i n t e n s i t y  range i s  from about  10R t o  100 KR (Chamber- -- 
--- l a i n ,  1961) .  

The p h o t o m u l t i p l i e r  t ubes  used w e r e  RCA 8571 rugge- 

d i z e d  9 s t a g e  side window tytbes which w e r e  mounted v e r t i c a l l y  

below a Components Corporat ion Model 60-H DC-DC conve r t e r .  

The vo l t age  d i s t r i b u t i o n  on t h e  r e s i s t o r  cha in  was 0 .1  HV 

(High Voltage)  between dynode stages wi th  t h e  anode near  

ground and t h e  photocathode a t  -HV which w a s  -1000 v o l t s .  

Th i s  w a s  done t o  keep t h e  s i g n a l  nea r  ground, t h u s  r e q u i r i n g  

no HV deeoupling and also reducing t h e  HV n o i s e  and ripple 

pickup by t h e  anode. T o  prqvent  t h e  h igh  vo l t age  supply 

from i n t e r f e r i n g  wi th  t h e  p3oton magnetometer, bo th  t h e  

t u b e  and supply  w e r e  surrounded wi th  a Mu metal  and grounded 

copper s h i e l d .  This  a l s o  prevented  d i s t u r b a n c e  of t h e  

pho toe lec t rons  i n  t h e  t u b e  from e x t e r n a l  magnetic or elec- 

t r i c  f i e l d s .  The ou tpu t  c u r r e n t  a t  t h e  anode w a s  propor- 

t i o n a l  t o  t h e  l i g h t  i n t e n s i t y  a t  t h e  photocathode when t h e  

dynode vo l t ages  w e r e  h e l d  cons t an t .  To p reven t  a r c i n g ,  t h e  

p h o t o m u l t i p l i e r  t u b e  and high v o l t a g e  supply  w e r e  enclosed 

i n  a s e a l e d  c o n t a i n e r  w i t h  a second o r d e r  i n t e r f e r e n c e  

f i l t e r  a c t i n g  as a window. The t w o  systems w e r e  i d e n t i c a l  

0 0 
except  f o r  t h e  f i l t e r s  which had 90 A bandwidths a t  5577 A 

0 -2 and 6300 A. The "look" a n g l e  of t h e  t u b e s  w a s  7.35 x 10 
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steradians. This was possible by using collimating tubes 

before the filters, 

The telemetry input was restricted from 0 to 5 volts; 

thus, a logarithmic amplifier was chosen since the light in- 

tensity range covered over four decades, A linear amplifier 

would necessarily provide low resolution at low intensity 

levels and thus was not acceptable. Due to a restricted 

door length, only the photomultipliers were mounted looking 

out opposite doors. The electronics were located on another 

deck and connected via the wiring channel (Figure 8). 

Since the photomultiplier had a high gain, it was 

not necessary to build a circuit with a high gain although 

it did have to have a logarithmic response for reasons men- 

tioned earlier. These criteria along with those pertaining 

to small size and ability to withstand shock were met by 

feeding the output into the negative input of a NEXUS SQ- 

10a amplifier with a transconducting feedback element 

(Philbrick PPLIP) which resulted in a logarithmic output 

for a linear input. To match this output to the telemetry 

requirements, a linear NEXUS SQ-loa amplifier with a gain 

of 20 was added. The output voltage was proportional to 

the log of the input current, Allowance for a dark current 

offset voltage was made by summing a voltage into the final 

amplification stage (Figure 30). Resistor-capacitor networks 
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w e r e  added when needed t o  suppress  o s c i l l a t i o n s  a t  low 

c u r r e n t s .  

The a m p l i f i e r s  w e r e  c o n s t r u c t e d  on p r i n t e d  c i r c u i t  

boards and p u t  i n t o  brass boxes. A l l  i n p u t s  and ou tpu t s  

t o  t h e  c i r c u i t s  had RF f i l t e r s  i n  series t o  p reven t  t r a n s -  

m i t t e r  i n t e r f e r e n c e .  T h e s e  f i l t e r s  w e r e  p l aced  i n  s m a l l  

boxes c o n s t r u c t e d  i n s i d e  t h e  main packages and w e r e  con- 

s t r u c t e d  by wrapping three t u r n s  of #20 w i r e  around 10pf 

ceramic c a p a c i t o r s .  T h e s e  w e r e  t u n e d  t o  t h e  t r a n s m i t t e r  

frequency by us ing  a " g r i d  d ip"  m e t e r  and a d j u s t i n g  t h e  

spac ing  of t h e  t u r n s .  

C a l i b r a t i o n  of t h e  photometers w a s  performed i n  a 

l i g h t  t i g h t  box i n  which t h e  s e a l e d  u n i t  w a s  p laced .  A 

General E lec t r i c  c e r t i f i e d  s t anda rd  candlepower lamp w a s  

ob ta ined  and used wi th  n e u t r a l  d e n s i t y  f i l t e r s  t o  c a l i b r a t e  

t h e  i n s t r u m e n t s  over t h e  expected range of ope ra t ion .  Tem- 

p e r a t u r e  tests w e r e  m a d e  and t h e  e l e c t r o n i c s  sealed i n  a 
.- 

foam b e f o r e  f l i g h t .  Each u n i t  had a s m a l l  lamp i n  i t s  w i n -  

dow which w a s  ope ra t ed  b y  an  astable m u l t i v i b r a t o r  and vol- 

t a g e  r e g u l a t o r .  The gauss i an  shaped l i g h t  p u l s e  provided 

r e l a t i v e  i n  f l i g h t  c a l i b r a t i o n  and enabled one t o  quick ly  

check f o r  proper  o p e r a t i o n  of t h e  u n i t s .  A b lock  diagram of 

t h i s  measurement t echn ique  is shown i n  F igu re  31. 

5. S o l i d  S t a t e  P a r t i c l e  Detector 
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D r .  Roger Arnoldy from t h e  Un ive r s i ty  of New Hamp- 

s h i r e  flew a s o l i d  s ta te  charged p a r t i c l e  d e t e c t o r  on t h e  

18.38-18.42 a u r o r a l  f l i g h t s  desc r ibed  i n  t h i s  paper .  The 

d e t e c t o r  p o i n t e d  45O upward wi th  respect t o  t h e  s p i n  a x i s .  

Incoming p a r t i c l e s  w e r e  co l l ima ted  us ing  b r a s s  s l i ts ,  The 

d e t e c t o r  had a geometr ic  f a c t o r  of l o m 2  steradians-cm2 and 

w a s  a 500 micron t h i c k  s u r f a c e  barrier s o l i d  s t a t e  counter  

(Arnoldy, - 1968) .  S ince  t h e  d e t e c t o r  w a s  l i g h t  s e n s i t i v e ,  a 

5000 A n i c k e l  l i g h t  s h i e l d  w a s  used over  t h e  counter  t o  
0 

e l i m i n a t e  problems i f  t h e  rocke t  f lew beyond t h e  shadow 

h e i g h t  and entered t h e  s u n l i t  reg ion .  

There w e r e  two i n t e g r a l  energy th re sho lds  f o r  t h e  

experiment. The f i r s t  w a s  a t  85 kev f o r  e l e c t r o n s  and 330 

kev for p ro tons .  The second t h r e s h o l d  w a s  a t  300 kev f o r  

electrons and 630 kev f o r  p ro tons .  A b lock  diagram (Fig- 

u r e  33)  shows t h e  e l e c t r o n i c  components used i n  t h e  cir- 

c u i t .  Counts from t h e  d e t e c t o r  w e r e  t e l eme te red  analog 

using a non l inea r  rate m e t e r .  Using t h i s  ou tput  it w a s  

p o s s i b l e  t o  r ead  i n d i v i d u a l  counts  up t o  100,000 counts  per 

second. The cont inuous r ead  o u t  of d a t a  enab le s  one t o  

s tudy  t i m e  v a r i a t i o n s  of par t ic le  f l u x e s  l i m i t e d  only b y  

t h e  bandwidth of t h e  s u b c a r r i e r  osc i l la tor  .) 

6,  Curved P l a t e  P a r t i c l e  Detectors 
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T w o  g radua te  s t u d e n t s ,  A n i 1  Dav;! and Steve  R e a r w i n ,  

working under D r .  C ,  E .  McIlwain a t  UCSD i n  LaJolla, Cal i -  

f o r n i a ,  had t w o  s e l f - con ta ined  charged p a r t i c l e  experiments 

on t h e s e  f l i g h t s .  T h e i r  objective w a s  t o  o b t a i n  a d i f f e r e n -  

t i a l  energy spectra of a u r o r a l  e l e c t r o n s  from 1-30 kev and 

p ro tons  from 10-40 kev, and a l s o  t o  r eco rd  t h e  var ious  p i t c h  

ang le s .  The primary requirements  w e r e :  

i. 

ii. 

iii. 

i v .  

V. 

T i m e  r e s o l u t i o n  c o n s i s t e n t  wi th  f l u x  v a r i a t i o n s  

due t o  s p a t i a l ,  temporal and r o t a t i o n a l  e f f e c t s .  

S e n s i t i v i t y  t o  low energy e l e c t r o n s  and p ro tons .  

Miniinurn of atmospheric contaminat ion and p res -  

s u r e  e f f e c t s .  

P rov i s ion  t o  o b t a i n  cont inuous d i f f e r e n t i a l  en- 

e rgy  spectra. 

Acceptable s i z e ,  weight and power requirements .  

The e l e c t r o n  experiment had two i d e n t i c a l  d e t e c t o r s ,  

0 one po in ted  pe rpend icu la r  and one p o i n t e d  upward a t  45 t o  

t h e  s p i n  a x i s .  Each pair  c o n s i s t e d  of two 90° c y l i n d r i c a l  

curved plate  electrostatic ana lyze r s .  A complete d i f f e r e n -  

t i a l  energy spectra w a s  ob ta ined  by apply ing  a l i n e a r  s w e e p  

vo l t age  t o  5 kev on each ana lyzer .  Each ana lyze r  had a 

channel e l e c t r o n  m u l t i p l i e r  f o r  a d e t e c t o r  (Channeltron) . 
The p u l s e s  from t h e  d e t e c t o r s  w e r e  a m p l i f i e d  by a charge 

s e n s i t i v e  a m p l i f i e r .  These w e r e  used t o  d r i v e  a m u l t i s c a l a r  
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which t ransformed t h e  d a t a  i n t o  a form which could  be tele- 

metered. 

The p ro ton  d e t e c t o r  system w a s  s i m i l a r  i n  t h a t  it 

a l s o  used curved plate  ana lyze r s  and Channeltrons,  The 

pulses w e r e  p u t  i n t o  a charge s e n s i t i v e  preamp and s c a l e d  

p r i o r  t o  p u l s e  h e i g h t  encoding. 

L 2 b  c a l i b r a t i o n s  were done w i t h  e l e c t r o n  beams from 

an e l e c t r o n  gun, p ro ton  beams from an a c c e l e r a t o r ,  and a 

63 c a l i b r a t e d  N i  beta source.  

7. Payload Telemetry 

S ince  20 s u b c a r r i e r  o s c i l l a t o r s  w e r e  needed, it w a s  

decided t o  use  t h e  microminiature  model ( M M O - l l ) ,  made b y  

Vector ,  Div is ion  of Uni ted  A i r c r a f t  Corporat ion.  The 

"pos tage  stamp" s i z e  allowed a l l  20 channels  p l u s  t h e  mixer 

a m p l i f i e r  (MMA-11) t o  be mounted i n  t h e  antenna s e c t i o n  

wi th  t h e  Vector 5-Watt TR-1125 c r y s t a l  c o n t r o l l e d  FM t r a n s -  

m i t t e r .  T h i s  w a s  convenient  s i n c e  a l l  t e l eme t ry  i n p u t s  

could be in t roduced  i n t o  t h e  antenna s e c t i o n  v i a  a 2 7  p i n  

Cannon p lug ,  Th i s  e a s i l y  allowed t h e  base s e c t i o n  t o  be 

removed when necessary.  

The mount €or  the  subcarrier o s c i l l a t o r s  w a s  made 

and wired a t  UNH and provided good s e r v i c e .  The channels  

used w e r e  t h e  s t a n d a r d  +7.5% I R I G  channels  1 through 20. - 
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All channels  had 0-5 v o l t  i n p u t s  except  f o r  6 and 20 which 

had t-2.5 v o l t  i n p u t s .  T h e  s t a b i l i t y  of t h e  s u b c a r r i e r  os- 

c i l l a tors  w a s  such t h a t  a change i n  supply vo l t age  

would vary t h e  center frequency 1 

s igned  bandwidth a t  tempera tures  froin -20 t o  

d r i f t  w a s  less than  +0.25% of t h e  des ign  bandwidth. 

- 

n +0.5 - 
0 

- 
The v o l t a g e  ou tpu t  from each experiment w a s  f e d  

d i r e c t l y  i n t o  a s u b c a r r i e r  osci l la tor .  The ou tpu t s  w e r e  

t hen  summed through 1/8 w a t t  resistors i n  t h e  mixer ampli- 

f ier  whose s i n g l e  ou tpu t  w a s  applied t o  t h e  t r a n s m i t t e r .  

The t r a n s m i t t e r  w a s  connected t o  t h e  s t anda rd  NIKE-TOMAHAWK 

antenna s e c t i o n  which c o n s i s t e d  of f o u r  tuned  c a v i t y  anten- 

nas .  The va lues  of t h e  summing resistors and t h e  o v e r a l l  

performance of t h e  t e l e m e t r y  system w e r e  checked a t  t h e  

B e l t s v i l l e  Sounding Rocket Branch a t  B e l t s v i l l e ,  Maryland. 

F i n a l  t e l e m e t r y  checks w e r e  performed a t  F t .  Church i l l  wi th  

t h e  rocke t  on t h e  launcher  i n  h o r i z o n t a l  and v e r t i c a l  pos i -  

t i o n s .  

The FlvI s i g n a l  w a s  r ece ived  by t h e  F t .  Church i l l  

grouhd pr imary and backup t e l eme t ry  s t a t i o n s  and t h e  video 

( s u b c a r r i e r )  s i g n a l  recor d on magnetic tape along wi th  

t h e  voice  network, 100 IcHz s t a n d a r d  s i g n a l  and 2 pps, lOOpps 

t iming  s igna ls .  The ground s t a t i o n  also provided "quick 

look" paper c h a r t s  of the f l i g h t  which showed t h e  performance 
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of each channel  dur ing  t h e  8 m i n u t e  f l i g h t .  

8. Payload Power 

Due t o  t h e  h igh  c u r r e n t  requirements  of  t h e  pro ton  

magnetometer (4 a m p )  and t h e  t e l eme t ry  (1 amp) it w a s  de- 

c ided  t o  have two b a t t e r y  packs.  The package f o r  t h e  tele- 

m e t r y  and p ro ton  magnetometer used Yardney HR3-NM non- 

magnetic s i l v e r  cel ls  (F igure  3 4 ) .  The  o t h e r  ba t te ry  pack 

was used t o  power t h e  remaining experiments and w a s  made 

wi th  HR 1.5-NM s i l v e r  cells. During ground tests and 

p r e f l i g h t  h o r i z o n t a l  and v e r t i c a l  tests, it w a s  occas iona l ly  

d e s i r a b l e  t o  be able t o  t r i c k l e  charge  t h e  b a t t e r y  packs.  

T h i s  w a s  accomplished us ing  an e x t e r n a l  c o n t r o l  box w i t h  

b u i l t - i n  t r i c k l e  cha rge r s .  A n  a m m e t e r  monitored t h e  d i r e c -  

t i o n  of c u r r e n t  flow, and d iodes  w e r e  p l a c e d  i n  t h e  l i n e s  

t o  prevent  d i scha rg ing  t h e  batteries through t h e  c o n t r o l  

box. 

O n  some experiments it w a s  d e s i r a b l e  t o  r e g u l a t e  

t h e  vo l t age  t o  a c e r t a i n  DC l e v e l .  On s e v e r a l  of t h e  ex- 

per iments  t h i s  w a s  done us ing  a s i m p l e ,  one t r a n s i s t o r  

r e g u l a t o r  shown i n  F igu re  35. 

9. Payload T e s t i n g  

S e v e r a l  t ypes  of  tests w e r e  performed on t h e  t o t a l  



payload  and i t s  i n d i v i d u a l  packages. A s  p rev ious ly  men- 

t i oned ,  e lectr ical  ope ra t ion  tests on t h e  packages w e r e  

f i r s t  performed on t h e  bench t o  determine i t s  performance. 

Such t h i n g s  as tempera ture  t e s t i n g ,  magnetic t e s t i n g ,  and 

shock t e s t i n g  showed d e f i c i e n c i e s  i n  t h e  c i r c u i t s  and 

packaging which had t o  be co r rec t ed .  The next  s tep w a s  t o  

place a l l  of t h e  packages i n  t h e  payload frame which had 

p rev ious ly  been checked f o r  c o r r e c t  wi r ing .  I n  t h i s  con- 

f i g u r a t i o n ,  t h e  packages had t o  operate p rope r ly  when t h e  

o t h e r  packages and t e l eme t ry  w e r e  t u rned  on. Seve ra l  i n -  

t e g r a t i o n  meetings w e r e  h e l d  wi th  UCSD t o  enable  t h e  ex- 

per imenters  t o  determine t h e  ope ra t ion  of t h e  packages 

through t h e  t e l eme t ry .  Fu r the r  checks w e r e  conducted a t  

F t .  Church i l l  wh i l e  t h e  f i n a l  p r e p a r a t i o n s  w e r e  t a k i n g  place 

and whi le  t h e  rocke t  w a s  on t h e  launcher .  

Before t h e  payloads w e r e  sh ipped  t o  F t .  Churchi l l ,  

t hey  w e r e  t aken  t o  B e l t s v i l l e  Sounding Rocket Branch where 

a t e s t i n g  and e v a l u a t i o n  p e r i o d  w a s  he ld .  The f i rs t  pay- 

load  (18.38) w a s  p u t  through complete v i b r a t i o n ,  shock, s p i n ,  

moment of i n e r t i a ,  and e l e c t r o n i c  tests a t  Goddard Space 

F l i g h t  Center ,  The doors  w e r e  tested dur ing  a s imula ted  

countdown where t h e  t i m e r  w a s  a c t i v a t e d  and t h e  doors blown 

o f f .  

I t  w a s  a lso necessary  t o  determine t h e  magnetic 
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f i e l d  of  t h e  payload i t s e l f  s i n c e  t h e  pro ton  magnetometer 

w a s  very s e n s i t i v e  t o  any g r a d i e n t s  across t h e  senso r  c o i l .  

The packages and complete payloads w e r e  t e s t e d  a t  t h e  UNH 

ze ro  f i e l d  lab where a Fanselau c o i l  system c a n c e l l e d  o u t  

t h e  e a r t h ' s  f i e l d  and e s t a b l i s h e d  a z e r o  f i e l d  t o  w i t h i n  

one gamma. The payload w a s  t hen  p l aced  on a car t  which w a s  

drawn under a th ree -ax i s  f l u x g a t e  magnetometer. The t h r e e  

components of t h e  payload f i e l d  w e r e  recorded wi th  a l i g h t  

beam o s c i l l o g r a p h  (F igu re  3 6 ) .  The amount of  d e f l e c t i o n  

i n d i c a t e d  t h e  magnetic p r o p e r t i e s  of t h e  package. 



60 

SECTION I V  

ANALYSIS O F  D24TA AND DISCUSSIOX OF ERRORS 

1. Telemetry 

I n  an experimental  package u t i l i z i n g  a t e l eme t ry  

system, it i s  necessary  t o  cons ider  errors i n  da t a  t r a n s -  

mission when d i s c u s s i n g  t h e  experiments.  One of t h e  cri- 

t e r i a  i n  choosing a t e l eme t ry  system w a s  high accuracy and 

low d r i f t  rates. The system chosen (Vector) s p e c i f i e d  a 

frequency change of less than  +.05 % o f  t h e  c e n t e r  frequency 

f o r  power sup;?ly v a r i a t i o n s  of +lo% of  t h e  s p e c i f i e d  vol- 

t a g e  and a t e n p e r a t u r e  range of -20°C t o  +80 C.  The maxi- 

mun expected d r i f t  w a s  less t h a n  +.25% of  t h e  des ign  band- 

width.  

- 
- 

0 

- 

2. Proton Precess ion  Magnetometer 

The f i e l d  magnitude ob ta ined  from t h e  pro ton  pre-  

ce s s ion  magnetometer con ta ins  s e v e r a l  p o s s i b l e  errors: t h e  

payload magnetic f i e l d ,  a c o n t r i b u t i o n  t o  t h e  measured pre-  

c e s s i o n  frequency due t o  t h e  rocke t  s p i n ,  and e r r o r s  i n  t h e  

measurement of  t h e  frequency (f = IEyp/27r ) . 
The payload f i e l d  a t  t h e  senso r  l o c a t i o n  w a s  m e a -  

su red  before f l i g h t  and w a s  less t h a n  3 y ;  -2y 
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s p i n  a x i s  and -I,, perpend icu la r  t o  t h e  s p i n  a x i s .  The per -  

pend icu la r  component would c o n t r i b u t e  n e g l i g i b l y  (< 1 y )  

t o  t h e  magnitude of  a 55,OOOy v e r t i c a l  f i e l d .  The a x i a l  

component c o n t r i b u t e d  a r e l a t i v e l y  s t e a d y  a d d i t i o n  of  ,+ 2y 

t o  t h e  magnitude. The rocke t  s p i n  (UNH 68-5) w a s  .64 rps 

and w a s  equ iva len t  t o  aga in  a s t e a d y  c o n t r i b u t i o n  

throughout t h e  f l i g h t .  S ince  one w a s  in te res ted  i n  r e l a t i v e  

changes i n  t h e  f i e l d  magnitude t h e s e  f i rs t  t w o  c o n t r i b u t i o n s ,  

provided t h e y  are cons t an t  throughout t h e  f l i g h t ,  need no t  

be cons idered  f u r t h e r .  

Errors i n  each i n d i v i d u a l  frequency measurement are 

equ iva len t  t o  errors i n  t h e  f i e l d  magnitude measurement 

(1 Hz ", 2 % ) .  

+ lY, frequency de termina t ions  t o  better than  +0.1 Hz are 

necessary  (.004% of 2,500Hz) . The frequency w a s  determined 

by measuring t h e  number of c y c l e s  of a 100 kHz r e f e r e n c e  

s i g n a l  i n  a f i x e d  number of p recess ion  s i g n a l  cyc le s  (Fig- 

u r e  3 7 ) .  

and an i n d i v i d u a l  period measurement w a s  precise t o  +1 

c y c l e  of t h e  r e f e r e n c e  s i g n a l .  S ince  50,000 c y c l e s  of t h e  

r e f e r e n c e  s i g n a l  w e r e  t y p i c a l l y  counted i n  each p e r i o d  m e a -  

surement, i n d i v i d u a l  measurements cou ld  be expected t o  show 

f l u c t u a t i o n s  of +,002% (1/50300) or  3. 1 y -  The de termina t ion  

of t h e  frequency of each p ro ton  s i g n a l  w a s  done 10 t i m e s  

T o  achieve  measurement accuracy approaching 

- - 

The s t a n d a r d  w a s  stable t o  1 par t  i n  l o 6  (-0001%) 

- 

- - 
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w i t h  a t y p i c a l  s t a n d a r d  d e v i a t i o n  (measured) of 1&. 

The r e l a t i v e  error i n  i n d i v i d u a l  f i e l d  magnitude 

( ] E ( =  27rf/yp) may be summarized: 

+ 2n 6f = 27rf 6YP - c- y P  

= 4.4 x lo-% + 2.37 M 2.37 (17) 

The error is  reduced ( i f  random) by averaging 10 

t i m e s :  

= .75y (18) 
F 

O f  course t h i s  c a l c u l a t i o n  is  f o r  ideal cond i t ions .  Factors 

such as poor s i g n a l  t o  n o i s e  ratios and f a u l t y  ope ra t ion  of 

t h e  p e r i o d  measuring equipment raise t h e  error of some m e a -  

surements.  

3. Electric F i e l d  M e t e r  

The r educ t ion  of t h e  electric f i e l d  data involved 

many steps. The electric f i e ld  measured w a s  t h e  component 

t r a n s v e r s e  t o  the rocke t  s p i n  a x i s  and a l though t h e  rocke t  

w a s  n e a r l y  v e r t i c a l  a t  launch, t h e  h o r i z o n t a l  component w i l l  
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be s l i g h t l y  d i f f e r e n t  (E  cos 15O = E ( - 9 7 ) ) .  T o  o b t a i n  t h e  

t r a n s v e r s e  electric f i e l d ,  t h e  ou tpu t  vo l t age  (a s i n u s o i d a l  

v a r i a t i o n )  of t h e  electric f i e l d  meter 

(E + c x 5) - $ l ~ l )  w a s  d iv ided  by t h e  

midpoints  of t h e  probes (a) .  Th i s  w a s  

Bcp (ET = &/d = 

d i s t a n c e  between t h e  

t r a n s c r i b e d  t o  a 

computer magnetic tape along w i t h  t h e  computed t r a j e c t o r y ,  

magnetic f i e l d  (us ing  Jensen -- and Cain, 1962 f i e l d ) ,  a z i -  

muth (angle  between s p i n  a x i s  and magnetic f i e l d )  and as- 

pect ( ang le  between a x i s  of t r a n s v e r s e  magnetometer and 

p r o j e c t i o n  of magnetic f i e l d  i n  p l a n e  pe rpend icu la r  t o  

rocke t  s p i n  a x i s ) ,  The information on t h e  a n g l e s  w a s  ob- 

t a i n e d  from t h e  t r a n s v e r s e  magnetometer, a x i a l  magnetometer, 

and information s u p p l i e d  by t h e  F t ,  Church i l l  Research Range, 

Using t h e s e  data, t h e  computer w a s  used t o  calcu-  

late x 

f i e l d  (l?cp/d). The x fi f i e l d  w a s  s u b t r a c t e d  s i n c e  it w a s  

induced by  t h e  rocke t  motion i n  a magnetic f i e l d  and w a s  

n o t  p a r t  of t h e  ambien t  f i e l d  w e  wanted t o  measure. T h e  

p e r i o d  of r o t a t i o n  (UMH 68-5) w a s  1.56 seconds,  t h u s  a m e a -  

surement of t h e  t r a n s v e r s e  f i e ld  w a s  m a d e  every .78 seconds 

=z/lz 1 which w a s  s u b t r a c t e d  f r o m  t h e  t o t a l  electric 

' ( f o r  each maximum and minimum of t h e  s i n u s o i d ) ,  D a t a  w a s  

r ead  o f f  t h e  t e l e m e t r y  c h a r t  32 t i m e s  per second of f l i g h t  

t i m e .  

The f i n a l  va lue  of t h e  electric f i e ld  w a s  dependent 
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on t h e  accuracy of  t h e  o r i g i n a l  data (&/d) and a l s o  on 

t h e  accuracy of t h e  c a l c u l a t e d  induced x f i e l d  which 

must be subtracted from t h e  o r i g i n a l  data. E r r o r s  i n  t h e  

t o t a l  f i e l d  w e r e  e s t ima ted  t o  inc lude  + .5 mv from c h a r t  

reading  e r r o r s ,  -+ 4 mv f r o m  d a t a  t r ansmiss ion  errors (sub- 

- 
- 

carrier d r i f t ,  no i se )  and + 1 mv due t o  c a l i b r a t i o n  e r r o r s .  - 
These e r r o r s  t o t a l  5.5 mv whi le  t h e  e r r o r  i n  measuring d 

w a s  es t imated a t  + ,01 m. The r e s u l t a n t  e r r o r  i n  t h e  t o t a l  - 
f i e l d  (E)  w a s :  

= 1.9 ;nv/m + .1 mv/m 

The errors i n  t h e  x f i e l d  w e r e  v a r i a b l e  depending 

on t h e  t i m e  dur ing  t h e  f l i g h t .  Comparing t h e  d i g i t a l  record 

of rocket v e l o c i t y  d e r i v e d  f r o m  radar data wi th  t h a t  calcu-  

lated by computer, it w a s  seen t h a t  t h e  maximum error i n  

v e l o c i t y  may occur  near  apogee. The error ( i n  t h e  magnitude 

of t h e  v e l o c i t y )  w a s  c a l c u l a t e d  t o  be less than  + 3% of t h e  - 
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v e l o c i t y  a t  t h a t  p o i n t .  Near t h e  s tar t  and f i n i s h  of t h e  

f l i g h t ,  t h e  e r r o r  w a s  less than  f -6%. - 
The magnetic f i e l d  magnitude u s e d  i n  t h e  calcula- 

t i o n  of x 5 w a s  from a s p h e r i c a l  harmonic a n a l y s i s  of  t h e  

e a r t h ' s  magnetic f i e l d  done by Jensen _I- and Cain (1962). The 

d i f f e r e n c e  between t h e  measured and c a l c u l a t e d  f i e l d  amoun- 

t e d  t o  -5% of t h e  c a l c u l a t e d  magnetic f i e l d  on t h e  upward 

l e g  and 1'.8% on t h e  downward l eg .  

Seve ra l  ang le s  have been used i n  cornputing t h e  in-  

duced f i e l d .  

wh i l e  t h e  maximum e r r o r  expected i n  t h e  azimuth a n g l e  as 

determined by t h e  ax ia l  f l u x g a t e  w a s  + 5 F igure  38. shows 

t h a t  t h e  magnitude of 

b i e n t  f i e l d  nea r  t h e  start  and f i n i s h  of  t h e  f l i g h t  whi le  

F igu re  39 shows t h e  d i f f e r e n c e  i n  phase and magnitude be- 

tween t h e  t o t a l  electric f i e l d  and t h e  induced f i e l d .  The 

r e s u l t a n t  f i e l d  w a s  c a l c u l a t e d  i n  a geographic  r e f e r e n c e  

frame based  on geographic  North, E a s t  and t h e  v e r t i c a l  

( p o s i t i v e  downwards) a t  t h e  launch si te.  The induced f i e l d  

errors are summarized (us ing  t y p i c a l  parameter va lues )  : 

The a s p e c t  ang le  w a s  known t o  w i t h i n  + 3 O  - 

0 - 
x 5 w a s  n e a r l y  as l a r g e  as t h e  am- 

= Ivl ~ B I  s i n  e cosa Ei 
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= B s i n  8 c o s a  6v + v s i n  8  COS^ 6 B  + vB cos F) 

COS* 6 8  + VB s i n  8 s i n  a6a 

< (Note: s i n  0 ,  cos 8, s i n a  8 cos a - J ; l s i n  e cos* I 
avg 

% 05) 

Using B = 558000 y and v = 1 km/sec w e  f i n d  

6 I E~ 1 Km = 1.0 mv/m + .5 mv/m + 2.2 mv/m + 1.3 mv/m 

= 5 mv/m (20) 

When t h i s  error is  added t o  t h e  t o t a l  f i e l d  e r r o r ,  

w e  f i n d  t h e  maximum e r r o r  w a s  7 mv/m. For a t y p i c a l  f i e l d  

of 55 mv/m t h i s  r ep resen ted  an error of - 13%. 

4, Ax ia l  F luxgate  Magnetometer 

The e r r o r s  i n  t h e  a x i a l  f l u x g a t e  magnetometer m e a -  

surements w e r e  es t imated t o  inc lude  a + 50 y u n c e r t a i n t y  i n  - 
t h e  c a l i b r a t i o n  of t h e  bucking steps, + 1 5  y from data t r a n s -  - 
mission errors, + 1 5  f r o m  reading  va lues  off  t h e  t e l eme t ry  

record and + 2 5  y due t o  t h e  magnetic f i e l d  of the  payload, 

- 
- 

The maximum error would be t h e  sum of t h e s e  o r  + 105 whi le  - 
t h e  m o s t  probable error is  + 60 y ,  This' is  equ iva len t  t o  an  - 
error of + .12% of t h e  a x i a l  f i e l d .  - 

5 Photometers 

The photometer experiment w a s  p repared  wi th  t h e  



67 

i n t e n t i o n  of r e l a t i n g  t h e  rocke t  p o s i t i o n  t o  t h e  v i s i b l e  

au ro ra  wi th  less emphasis placed on a b s o l u t e  i n t e n s i t y  m e a -  

surements,  The e r r o r  bars shown on t h e  photometer data are 

i n d i c a t i o n s  of t h e  p o s s i b l e  DC s h i f t  on t h e  index scale be- 

cause  of t h e  u n c e r t a i n t y  i n  c a l i b r a t i o n  ( t h e s e  errors w e r e  

larger t h a n  o t h e r s ) ,  Due t o  t h e  l o g a r i t h m i c  response of 

t h e  c i r c u i t  and t h e  u n c e r t a i n t y  i n  t h e  c a l i b r a t i o n  procedures ,  

t h e  estimate of error i n  t h e  data on t h e  Rayleigh scale is  

+ 20%. The e r r o r  on t h e  KiloRayleigh scale i s  nea r  + 10% 
I - 

(The scales referred t o  are t h e  “ index”  scales shown i n  t h e  

f i g u r e s )  

6 ,  Sol id  S t a t e  P a r t i c l e  Detectors 

One second averages  w e r e  t aken  when reducing t h e  

s o l i d  s t a t e  charged p a r t i c l e  d e t e c t o r  da t a .  I t  is est imated 

t h a t  t e l eme t ry  noise ,  which could  be m i s i n t e r p r e t e d  as counts ,  

c o n t r i b u t e d  t h e  l a r g e s t  error (+ 100 particles/cm - sec- 

s t e r a d i a n ) ,  S ince  counts  from t h e  detector w e r e  t e l eme te red  

analog us ing  a n o n l i n e a r  rate m e t e r ,  it w a s  possible t o  r ead  

i n d i v i d u a l  counts  up t o  100,000 cbunts  per second, The use  

2 - 

i 

0 
of a 5000 A n i c k e l  l i g h t  s h i e l d  o the d e t e c t o r  e l imina ted  

t h e  p o s s i b i l i t y  of spurious counts caused by s u n l i g h t  i f  t h e  

rocke t  f lew beyond t h e  e a r t h u s  shadow, 
\ \ 

i 
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SECTION V 

EXPERIMENTAL RESULTS 

1, F l i g h t  UNH 68-1 

The f i rs t  of f i v e  r o c k e t s  (NASA f l i g h t  number 18.38) 

w a s  launched February 5, 1968 a t  0506:58 UT (53 minutes be- 

f o r e  local midnight) from F t .  C h u r c h i l l  Research Range, 

Manitoba, Canada. The f l i g h t  azimuth w a s  4 9 O  east of nor th  

(F igu re  40) and t h e  launch e l e v a t i o n  w a s  85.7O. Peak a l -  

t i t u d e  w a s  a t  255.5 km (es t imated  va lues ,  no r a d a r  d a t a  a v a i l -  

able) and t h e  t o t a l  t i m e  o f  f l i g h t  w a s  487 seconds (observed 

frGm te l eme t ry )  (F igure  41 ) .  The r o c k e t  had a 29 second s p i n  

pe r iod  a f t e r  desp in .  

The rocke t  w a s  f i r e d  dur ing  a magnet ica l ly  q u i e t  

p e r i o d  when no measurable a c t i v i t y  w a s  recorded  by t h e  F t .  

Church i l l  ground s t a t i o n  f l u x g a t e  magnetometers (F igure  42)  .) 

The 30 mHz riometer showed almost no change i n  t h e  absorp- 

t i o n  of cosmic n o i s e  and no v i s i b l e  a u r o r a l  d i s p l a y s  w e r e  

recorded by t h e  ground based  " a l l  sky" cameras, Magneto- 

g r a m s  f r o m  o t h e r  nearby s t a t i o n s  a lso showed l i t t l e  magnetic 

a c t i v i t y ,  T h i s  rocke t  w a s  f i r e d  dur ing  a q u i e t  t i m e  p e r i o d  

i n  o r d e r  t o  check t h e  ope ra t ion  of t h e  experiments and a lso 

t o  provide  r e f e r e n c e  measurements which could  be compared 
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w i t h  r e s u l t s  ob ta ined  from l a t e r  f l i g h t s  launched dur ing  

p e r i o d s  of a u r o r a l  a c t i v i t y .  

The t o t a l  scalar magnet ic  f i e l d  was measured with t h e  

pro ton  p r e c e s s i o n  magnetometer and is shown i n  F igu re  43. The 

l a c k  of  v a r i a t i o n s  i n  t h e  f i e l d  i n d i c a t e  t h a t  no a u r o r a l  elec- 

t r o j e t  c u r r e n t  w a s  p r e s e n t .  The Jensen and Cain (1962) spher- 

i ca l  harmonic a n a l y s i s  of t h e  e a r t h ’ s  f i e l d  ( c a l c u l a t e d  along 

t h e  t r a j e c t o r y )  has  a l s o  been p l o t t e d  on t h i s  graph and shows 

reasonable  agreement ( exac t  agreement would ind ica te  t h a t  t h e  

Jensen -- and Cain f i e l d  w a s  a p r e c i s e  r e p r e s e n t a t i o n  of t h e  f i e l d  

a long t h e  t r a j e c t o r y ) .  The magnetic f i e l d  obta ined  on t h e  up- 

ward l e g  of t h e  f l i g h t  i s  cons idered  t o  be t h e  q u i e t  t i m e  r e f -  

e r ence  f i e l d  f o r  t h i s  series. The downward l e g  r e s u l t s  are less 

re l iable  s i n c e  no r a d a r  t r a j e c t o r y  w a s  a v a i l a b l e .  

_I__) 

The c a l i b r a t i o n  sequence of an e lectr ic  f i e l d  m e t e r  

flown on t h i s  r o c k e t  i n d i c a t e d  t h a t  t h e  ins t rument  was working 

proper ly .  The outp’it showed a 29 second modulation d u e  t o  

t h e  induced v x 

r e s u l t s  of t h i s  experiment,  a f t e r  s u b t r a c t i n g  x E, i n d i c a t e  

a q u i e t  t i m e  electric f i e l d  of up t o  20 mv/m may have e x i s t e d  

dur ing  t h e  f l i g h t .  The f i e l d  d i r e c t i o n  has  no t  been de te r -  

mined a t  t h i s  t i m e .  The ; x 

s a m e  as t h a t  shown i n  F igu re  38. Noise of an unexplained 

o r i g i n  w a s  seen as s p i k e s  on t h e  t e l e m e t r y  record throughout 

f i e l d  caused by t h e  rocke t  motion. The  

f i e l d  w a s  approximately t h e  
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t h e  f l i g h t ,  This  n o i s e  w a s  no t  p r e s e n t  during t h e  o t h e r  

f l i g h t s .  

0 
One photometer respons ive  t o  5577A w a s  flown on 

UNH 68-1. The l i g h t  i n t e n s i t y  recorded w a s  below 5 Ray- 

l e i g h s  t h u s  confirming t h e  l ack  of auroral  a c t i v i t y  seen  

on t h e  a l l - s k y  photographs.  

The a x i a l  f l u x g a t e  output  i n d i c a t e d  t h e  ins t rument  

w a s  i n  s a t u r a t i o n  throughout  t h e  f l i g h t ,  t hus ,  no usable 

d a t a  w a s  ob ta ined .  There was no s o l i d  s t a t e  charged par -  

t i c l e  d e t e c t o r  on t h i s  f i r s t  payload. 

2 .  F l i g h t  UNH 68-2 

T h i s  rocke t  (NASA 18.41) w a s  launched on A p r i l  23, 

1968. The t i m e  of launch was 0452:38 UT, 68 minutes b e f o r e  

l o c a l  midnight.  

wi th  an i n i t i a l  e l e v a t i o n  of 863 (F igure  40 ) .  The t o t a l  

t i m e  of f l i g h t  w a s  500 seconds wi th  a 258 km apogee a t  255 

seconds.  (F igu re  44 ) . The s p i n  pe r iod ,  a f t e r  desp in ,  w a s  

1.37 seconds. 

The f l i g h t  azimuth was 20° east of n o r t h  

The Church i l l  ground s t a t i o n  magnetograms showed a 

n e g a t i v e  magnetic d i s t u r b a n c e  which followed a larger nega- 

t i v e  bay t h a t  occur red  approximately one hour b e f o r e  launch 

(F igure  4 5 ) .  The X (no r th )  component w a s  -17% and t h e  Y 

(east) component -28Oy. The 2 ( v e r t i c a l  component) a t  
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launch w a 5  -737 b u t  became p o s i t i v e  about  one minute a f t e r  

launch. Th i s  sugges t s  t h a t  t h e  a s s o c i a t e d  e l ec t ro j e t  cur- 

r e n t  moved overhead t o  t h e  sou th  a t  t h i s  t i m e .  The v e r t i c a l  

d i s tu rbance  nea r  t h e  end of t h e  f l i g h t  w a s  f a i r l y  cons t an t  

near  +60y. Ground s t a t i o n  magnetograms from s ix  neigh- 

bor ing  s t a t i o n s  confirmed a w e s t w a r d  f lowing c u r r e n t  sys-  

t e m .  The 30 mHz riometer measured-1 db abso rp t ion  a t  t h e  

t i m e  of launch and t h i s  remained f a i r l y  cons t an t  throughout 

t h e  f l i g h t .  Th i s  gave  some i n d i c a t i o n  t h a t  a s t eady  pre- 

c i p i t a t i o n  of charged par t ic les  i n t o  t h e  ionosphere w a s  

t a k i n g  place .) 

The t w o  photometers on t h e  payload w e r e  mounted 
0 

perpend icu la r  t o  t h e  s p i n  a x i s  and w e r e  respons ive  t o  557711 
0 0 0 

and 6300A l i g h t .  The photometer records 5577A and 6300A 

are p l o t t e d  i n  F igu res  4 6 ,  47 48 , and 4 9 .  The IR and 

IKR i n d i c e s  w e r e  p r o p o r t i o n a l  ( n e a r l y  one t o  one) t o  t h e  

l i g h t  i n t e n s i t y  i n  Rayleighs and KiloRayleighs r e s p e c t i v e l y .  

Both t h e  maximum and minimum s i g n a l s  f o r  each r o t a t i o n  have 

been p l o t t e d .  Equal s i g n a l s  on t h e  maximum and minimum 

traces i n d i c a t e  t h a t  t h e  payload w a s  immersed i n  t h e  v i s i b l e  

au ro ra .  
0 

An i n c r e a s e  i n  t h e  minimum i n t e n s i t y  of 6300A and 
0 

557712 nea r  100 km is n o t  accompanied by an  i n c r e a s e  on t h e  

p lo t s  of maximum l i g h t  i n t e n s i t y .  T h i s  i n d i c a t e s  t h a t  t h e  
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rocke t  w a s  n o t  immersed i n  a v i s u a l  a u r o r a l  d i s p l a y  b u t  

r a t h e r  wen t  t o  one s i d e  of it. The f a c t  t h a t  t h e  in t en -  
0 

s i t y  of 5577A (minimum) w a s  n e a r l y  t h e  s a m e  on both  t h e  

upward and downward legs is  an  i n d i c a t i o n  t h a t  t h e  a u r o r a  

w a s  stable i n  t h e  f l i g h t  i n t e r v a l  as confirmed by  v i s u a l  

obse rva t ion  f r o n  t h e  ground. The increase near  apogee 

shown i n  F igu res  4 6 ,  48 may be due t o  t h e  s u n l i g h t  as t h e  

rocke t  passed  above t h e  shadow of t h e  e a r t h .  N o  exp lana t ion  

has  been found a t  t h i s  t i m e  f o r  t h e  s p i k e s  seen  i n  F igure  

49 . The ground s t a t i o n  a l l  sky camera was not  a d j u s t e d  

p r o p e r l y  and t h e  r e s u l t i n g  photographs of t h e  v i s i b l e  ail- 

r o r a  w e r e  o u t  of focus and w e r e  n o t  reproduced he re .  A t  

t h e  t i m e  of launch a b r i g h t  band w a s  v i s i b l e  overhead. It  

extendad i n  the northwest-southeast  d i r e c t i o n  and remained 

stable dur ing  t h e  f i r s t  h a l f  o f  t h e  f l i g h t .  This  band 

g r a d u a l l y  faded near  the t i m e  of rocke t  apogee and w a s  re- 

p l a c e d  by a d i f f u s e  aurora which covered much o€ t h e  sky 

f o r  t h e  remainder of t h e  f l i g h t .  

I n  summary, t h e  rocke t  UNH 68-2 w a s  f i r e d  dur ing  a 

stable v i s i b l e  a u r o r a l  d i s p l a y .  The photometers on t h e  

rocke t  i n d i c a t e d  t h e  rocke t  f lew t o  t h e  n o r t h e a s t  side of 

t h e  d i s p l a y  on b o t h  t h e  upward and downward l e g s  of the 

f l i g h t .  A n e g a t i v e  magnetic bay of -327y e x i s t e d  a t  t h e  

t i m e  of f l i g h t  w i t h  a n e g a t i v e  v e r t i c a l  component. About 
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1 db abso rp t ion  w a s  measured on t h e  30 mHz r iometer  dur ing  

t h e  f l i g h t .  Ground based magnetometers a t  s i x  nearby sta- 

t i o n s  recorded  magnetic d i s tu rbances  which i n d i c a t e d  a w e s t -  

w a r d  f lowing electrojet c u r r e n t  may have caused t h e  d i s t u r -  

bances. 

The scalar magnet ic  f i e l d  measured by t h e  UNH 68-2 

pro ton  p r e c e s s i o n  magnetometer i s  shown i n  F igure  50. A l -  

though it w a s  a p e r i o d  of moderate magnetic a c t i v i t y  t h e  

f i e l d  r eco rd  shown no unusual d i s t u r b a n c e  o t h e r  t han  a s l i g h t  

p o s i t i v e  bu lge  of -9Oy on t h e  upward l e g  near  140 k m .  This  

bu lge  i s  seen  i n  d e t a i l  on t h e  d i f f e r e n c e  f i e l d  p lo t  shown 

i n  F igu re  51. I f  t h e  bu lge  is  assumed t o  be a s p a t i a l  va r i a -  

t i o n  due t o  an e l e c t r o j e t ,  one can c a l c u l a t e  t h e  magnitude 

of  a c u r r e n t  which could  cause  t h i s  d i s tu rbance .  Rough cal- 

c u l a t i o n s  i n d i c a t e  a c u r r e n t  of -10 amps a t  a d i s t a n c e  of  

22 krn t o  t h e  southwest  of  t h e  roeket and flowing towards t h e  

northwest  cou ld  have caused t h i s  bump. The a l t i t u d e  of t h e  

c u r r e n t  would have t o  be nea r  140 km, There is  a p o s s i b i l i t y  

t h a t  t h i s  c u r r e n t  w a s  a l i g n e d  wi th  t h e  v i s i b l e  a u r o r a l  band 

desc r ibed  earlier. 

4 

The fact  t h a t  t h e  d i f f e r e n c e  f i e l d  a t  t h e  beginning 

of t h e  upward l e g  i s  s l i g h t l y  n e g a t i v e  may have been caused by 

t h e  rocke t  f l y i n g  over  a l i n e  c u r r e n t  n o r t h  of Church i l l .  

I n  a d d i t i o n  t o  t h e  n e g a t i v e  d i f f e r e n c e ,  t h e r e  i s  a 
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broad  peak a t  150 km, This  could  r e s u l t  from pass ing  over  

t h e  c u r r e n t  as t h e  rocke t  moved n o r t h e a s t .  The magnitude of 

t h e  d i f f e r e n c e  a t  100 km (- -200 gammas) is  c o n s i s t e n t  w i t h  

a l i n e  c u r r e n t  50 km n o r t h e a s t  of t h e  rocke t  a t  t h a t  t i m e  

and a l s o  i n  approximate agreement w i t h  t h e  ground l e v e l  

f i e l d  ( - 1 O O y ) .  Although t h i s  d i s c u s s i o n  provides  a s imple 

model t o  e x p l a i n  t h e  measurements, it is n o t  unique. The 

d i s c u s s i o n  of f l i g h t  UNH 68-5 inc ludes  some p o s s i b l e  e r r o r s  

which may have a f f e c t e d  t h e  d i f f e r e n c e  f i e l d  c a l c u l a t i o n s  

f o r  t h e s e  f l i g h t s ,  

The maximum electr ic  f i e l d  t r a n s v e r s e  t o  t h e  rocke t  

s p i n  axis i s  p l o t t e d  as a func t ion  of a l t i t u d e  i n  F igures  52, 

53. F igure  52 shows t h e  f i e l d  measured on t h e  upward l e g  of 

t h e  f l i g h t  a f t e r  t h e  induced x f i e l d  has  been s u b t r a c t e d .  

The average f i e l d  va lue  w a s  nea r  40 mv/m al though nea r  100 km 

it reached a maximum value  of 70 mv/m. A t  h ighe r  a l t i t u d e s  t h e  

f i e l d  magnitude decreased  t o  a minimum near  150 k m  ( n e a r l y  t h e  

same h e i g h t  as t h e  proposed electrojet) .  The f i e l d  then  i n -  

c r eased  t o  40 mv/m a l though it dropped t o  25-30 mv/m a t  200, 

215, 225, and 232 km on t h e  upward l e g .  I n  g e n e r a l  t h e r e  ap- 

pears t o  be l i t t l e  s i g n i f i c a n t  a l t i t u d e  v a r i a t i o n  i n  t h e  elec- 

t r i c  f i e l d .  

The electric f i e l d  measured on t h e  downward leg w a s  

s l i g h t l y  h i g h e r  and averaged 45-50 mv/m. S l i g h t  i n c r e a s e s  
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i n  t h e  f i e l d  occurred  nea r  240 and 210 km. The l a s t  in- 

crease w a s  preceded by a decrease  i n  t h e  f i e l d  t o  30 mv/m 

a t  220 km. A broader maximum occurred  a t  150 km (66 mv/m) 

on t h e  downward l eg .  T h i s  v a r i a t i o n  occurs  i n  t h e  same al-  

t i t u d e  r eg ion  as t h e  v i s i b l e  au ro ra  and t h e  proposed elec- 

t r o j e t  c u r r e n t s .  From t h e  d a t a  ob ta ined  it i s  d i f f i c u l t  t o  

determine i f  t h e  v a r i a t i o n s  w e r e  p r i m a r i l y  s p a t i a l  o r  t e m -  

p o r a l .  The f i e l d  d i r e c t i o n  po in ted  towards t h e  southwest 

quadrant  throughout  t h e  f l i g h t  except  f o r  a b r i e f  p e r i o d  

nea r  apogee when it po in ted  towards t h e  s o u t h e a s t  quadrant .  

The p a r t i c l e  f l u x e s  dur ing  f l i g h t  UNH 68-2 are 

p l o t t e d  i n  F igu re  54 as a func t ion  of a l t i t u d e  and f l i g h t  

t i m e .  The p a r t i c l e  f l u x e s  ( e l e c t r o n s  > 97 kev, pro tons  > 2 7 2  

kev) w e r e  q u i t e  s t e a d y  (near  1500 particles/cm2-sec-sterad) 

with  t h e  except ion  of t h e  l a r g e  f l u x  seen  j u s t  a f t e r  apogee. 

N o  s i g n i f i c a n t  changes on t h e  ground based  magnetoneters o r  

r iometer  w e r e  s een  a t  t h i s  t i m e .  The riometer remained 

s t eady  showing -1 db abso rp t ion  i n d i c a t i n g  a s t e a d y  p r e c i p i -  

t a t i o n  of charged particles i n t o  t h e  ionosphere w a s  t a k i n g  

p l ace .  T h i s  is i n  agreement wi th  t h e  p a r t i c l e  d a t a  shown 

here .  The particle f l u x  w a s  s l i g h t l y  less on t h e  downward 

leg of t h e  f l i g h t  when t h e  magnetic d i s t u r b a n c e  w a s  a l s o  

decreas ing  and when t h e  v i s i b l e  a u r o r a  w a s  f ad ing  and be- 

coming m o r e  d i f f u s e .  
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The a x i a l  f l u x g a t e  magnetometer r e s u l t s  f o r  f l i g h t  

18.41 are shown i n  F igu re  55 . A p o r t i o n  of t h e  data w a s  

missing where t h e  ax ia l  f i e l d  magnitude is  thought  t o  have 

gone b e l o w  t h e  range of t h e  instrument .  Th i s  f i e l d  w a s  used 

w i t h  t h e  measured t o t a l  scalar f i e l d  t o  c a l c u l a t e  $ 8  t h e  

ang le  between t h e  rocke t  s p i n  axis and t h e  magnetic f i e l d  

vec to r  (F igure  55 ) .  The v a r i a t i o n s  i n  $ are very s i m i l a r  

t o  t h o s e  of UNH 68-5 (NASA 18.39) wi th  t h e  maximum and mini- 

mum f a l l i n g  a t  approximately t h e  s a m e  t i m e s .  N o  explana t ion  

f o r  a change of t h i s  magnitude is  e v i d e n t  a l though w e  d id  

o b t a i n  upper and l o w e r  l i m i t s  f o r  $ from t h i s  data. Consi- 

de r ing  t h e  s i m i l a r i t y  of s t a r t i n g  va lues  of 4 and t h e  subse- 

quant  v a r i a t i o n s  w e  concluded t h a t  t h i s  w a s  n o t  due t o  rocke t  

p recess ion .  It  i s  i n t e r e s t i n g  t o  n o t e  t h a t  4, obta ined  by 

an independent method on UNH 68-3 (NASA 18.42) ,  va r i ed  i n  a 

s i m i l a r  manner. 

3. F l i g h t  UNH 68-3 

Rocket UNH 68-3 (NASA 18-42)  w a s  launched on A p r i l  25,  

1968 a t  0623:57 UT (23  minutes past  local  midnight ) .  The 

f l i g h t  azimuth w a s  39.5O east of n o r t h  (F igure  40). 

i t i a l  e l e v a t i o n  w a s  86.2O and apogee w a s  a t  267 km. 

of  apogee w a s  2 6 1  seconds and t h e  t o t a l  f l i g h t  t i m e  w a s  511 

seconds (F igure  57 ) . The f i n a l  s p i n  p e r i o d  w a s  1 . 2 2  seconds. 

The in-  

The t i m e  
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The magnetic cond i t ions  a t  t h e  t i m e  of launch a r e  

shown on t h e  F t .  Church i l l  magnetograms i n  F i g u r e  58 . The 

X ( n o r t h )  component shows a -195y depres s ion  whi le  t h e  Y 

(east) component shows -26811. The Z ( v e r t i c a l )  component 

w a s  i n i t i a l l y  near  zero and then  dropped t o  -11Oy. The 

t o t a l  h o r i z o n t a l  d i s t u r b a n c e  w a s  - 3 3 2 y .  A nega t ive  bay  be- 

gan -43 minutes b e f o r e  launch and r e t u r n e d  t o  normal 16 m i n -  

u t e s  b e f o r e  launch. Another n e g a t i v e  bay began 3 minutes 

b e f o r e  launch and r e t u r n e d  t o  normal 2 8  minutes a f t e r  launch. 

Magnetograms from o t h e r  nearby s t a t i o n s  i n d i c a t e d  a westward 

flowing c u r r e n t  system e x i s t e d  al though it w a s  much more 

l o c a l i z e d  t o  t h e  Church i l l  a r e a  than  t h e  c u r r e n t  system 

dur ing  f l i g h t  UNH 68-2. The 30 mHz r iometer  a t  Church i l l  

recorded t h e  g r e a t e s t  a b s o r p t i o n  of cosmic n o i s e  ( ~ 1  db) 

a f t e r  t h e  rocke t  had reached i t s  peak a l t i t u d e ,  

All sky cameras w e r e  used t o  r eco rd  t h e  v i s u a l  au ro ra  

on photographs t aken  dur ing  t h e  f l i g h t .  The rocke t  p o s i t i o n  

a t  100 k m  a l t i t u d e  is  shojJn by t h e  do t  on t h e  upper photo i n  

F igure  59 . T h i s  w a s  t a k e n  during t h e  upward l e g .  The lower 

photo and dot  i n d i c a t e  t h e  rocke t  p o s i t i o n  a t  100 km on t h e  

downward l e g  of t h e  f l i g h t .  

A b r i g h t  au ro ra  w a s  v i s i b l e  overhead dur ing  t h e  f i r s t  

p a r t  o f  t h e  f l i g h t .  Many qu ick ly  moving r ays  p r o j e c t e d  down 

from t h e  z e n i t h  i n d i c a t i n g  w e  w e r e  " looking up" t h e  magnetic 
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f i e l d  l i n e  upon which charged particles w e r e  s p i r a l l i n g  in-  

t o  t h e  ionosphere.  Th i s  a c t i v i t y  cont inued u n t i l  t h e  rocke t  

approached -175 km on t h e  downward leg. By t h a t  t i m e  much 

of t h e  v i s i b l e  au ro ra  had faded with t h e  except ion of s o m e  

d i f f u s e  pa t ches  a t  s c a t t e r e d  spots. A series of  photos  

taken  dur ing  t h e  f l i g h t  i s  shown above t h e  p a r t i c l e  data 

(F igure  68) .  

0 0 
The 557721 and 6 3 0 0 A  photometer d a t a  i s  p l o t t e d  i n  

F i g u r e s  6 0 ,  6 1 ,  6 2 ,  and 6 3 .  The a u r o r a l  forms w e r e  changing 

r a p i d l y  during t h e  f l i g h t  and w e r e  i n t e r p r e t e d  i n  g e n e r a l  

t e r m s .  One f e a t u r e  is  t h e  wide i n c r e a s e  cen te red  near  a 

p o i n t  equal  t o  h a l f  t h e  apogee a l t i t u d e .  Th i s  i n d i c a t e s  

t h a t  t h e  v i s i b l e  aurora w a s  occur r ing  a t  h ighe r  a l t i t u d e s  

and w a s  spread  o u t  over  a w i d e r  a l t i t u d e  range s i n c e  t h e  

peaks are broad. It is n o t  known whether t h e  rocke t  ac- 

t u a l l y  p e n e t r a t e d  t h e  au ro ra  o r  went through a "hole"  i n  

it as s e e m s  t o  be t h e  case when one s t u d i e s  t h e  upper photo- 

graph i n  F igu re  59.  

From t h i s  d a t a  w e  conclude t h a t  t h e  rocke t  w a s  f i r e d  

during a p e r i o d  of moderate magnetic a c t i v i t y  accompanied by 

a very a c t i v e  a u r o r a  which w a s  p r e s e n t  dur ing  m o s t  of t h e  

f l i g h t .  Nearby ground s t a t i o n  magnetograms i n d i c a t e d  t h e  

westward flowing c u r r e n t  system w a s  much more l o c a l i z e d  than  

on previous  occasions.  The rocke t  photometers r e s u l t s  
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i n d i c a t e d  t h e  rocke t  passed  through or near  t h e  au ro ra  on 

t h e  upward leg and w e r e  i n  g e n e r a l  agreement wi th  t h e  a l l  

sky camera photographs.  

The r e s u l t s  of t h e  pro ton  magnetometer experiment 

are shown i n  F igure  64. The to t a l  scalar magnetic f i e l d  is  

p l o t t e d  versus  payload a l t i t u d e .  A bu lge  on t h e  upw3rd l e g  

near  100 km i n d i c a t e s  t h e  e x i s t e n c e  of  an e l e c t r o j e t  c u r r e n t  

soxth  of t h e  rocke t .  Th i s  becomes more pronounced when t h e  

d i f f e r e n c e  f i e l d  is c a l c u l a t e d  by s u b t r a c t i n g  t h e  18.38 

r e f e r e n c e  f i e l d  (F igure  6 5 ) .  The bump was cen te red  3t 105 

km and had a magnitude of -3OOy.  I f  w e  assume t h a t  t h i s  w a s  

a s p a t i a l  v a r i a t i o n  due t o  t h e  rocke t  pas s ing  by a l i n e  elec- 

t r o j e t  w e  can calculate t h e  c u r r e n t  r e q u i r e d  t o  produce t h i s  

d i s tu rbance .  Simple c a l c u l a t i o n s  ( n o t  i nc lud ing  induced 

c u r r e n t s  i n  t h e  e a r t h )  show t h i s  bump could  be  produced i f  

t h e  rocke t  f lew wi th in  30 km of a 4.5 x lo4 amp l i n e  c u r r e n t  

l o c a t e d  t o  t h e  southwest of t h e  r o c k e t  and flowing towards 

t h e  northwest .  

I t  i s  noted  t h a t  t h e  average  d i f f e r e n c e  f i e l d  i s  nega- 

t i v e  dur ing  t h e  upward leg of t h e  f l i g h t .  T h i s  may be due 

t o  ano the r  l i n e  c u r r e n t  or c u r r e n t s  located t o  t h e  n o r t h e a s t  

o f  Church i l l  and flowing towards t h e  northwest.  The i n c r e a s e  

i n  t h e  d i f f e r e n c e  f i e l d  which w a s  s een  on t h e  downward leg w a s  

most l i k e l y  a t i m e  v a r i a t i o n  i n  t h e  f i e l d  o r  due t o  e r r o r s  
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i n  t h e  t r a j e c t o r y  c a l c u l a t i o n  f o r  UNH 68-1 (used as t h e  r e f -  

erence f i e l d ) .  The downward l e g  i n c r e a s e  (not  p l o t t e d  he re )  

i s  b e l i e v e d  erroneous,  however, s ince  t h e  e r r o r  i n  t h e  trajec- 

t o r y  of UNH 68-1 was p r o g r e s s i v e l y  g e t t i n g  l a r g e r  on t h e  

downward leg. It  is noted  t h a t  it is u n l i k e l y  t h a t  any one 

c u r r e n t  or group of c u r r e n t s  r e p r e s e n t s  t h e  only model which 

w i l l  s a t i s f y  t h e  e x i s t i n g  cond i t ions  and t h a t  s e v e r a l  groups 

of c u r r e n t s  may produce t h e  s a m e  e f f e c t  d e p n d i n g  on t h e  i n -  

t e n s i t y  and l o c a t i o n .  

The h o r i z o n t a l  electric f i e l d  measured dur ing  t h i s  

f l i g h t  i s  p l o t t e d  i n  F igu res  66 and 67. The  f i e l d  i n  gen- 

e ra l  w a s  smaller than  t h a t  measured on f l i g h t  UNH 68-2 a l -  

though v a r i a t i o n s  occurred  almost as f r equen t ly .  The f i e l d  

measured on t h e  upward l e g  is p l o t t e d  i n  F igure  66. V a r i a -  

t i o n s  on t h e  o r d e r  of 10-15 mv/m w e r e  seen  up t o  an  a l t i t u d e  

of 220  km and aga in  above 240 km. The f i e l d  averaged nea r  

20  mv/m. 

The f i e l d  decreased  j u s t  past apogee (F igure  67) t o  

1 5  mv/m and then  i n c r e a s e d  aga in  t o  a maximum nea r  170 km. 

Another s m a l l e r  maximum occurred  near  140 km. The f i e l d  

plot ted h e r e  i s  t h e  r e s u l t a n t  electric f i e l d  a f t e r  t h e  in-  

duced ; x ; f i e l d  has  been sub t r ac t ed .  

I t  is  d i f f i c u l t  t o  determine whether t h e s e  f i e l d  va r i a -  

t i o n s  are temporal o r  spat ia l .  The v i s i b l e  au ro ra  a t  t h i s  
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t i m e  w a s  changing i n  f o r m  r a p i d l y ,  t h u s  it is  l i k e l y  t h a t  

b o t h  spa t ia l  and temporal v a r i a t i o n s  of t h e  electric f i e l d  

existed. The h o r i z o n t a l  electric f i e l d  po in ted  southward 

dur ing  t h e  f l i g h t .  

The par t ic le  f l u x  has been p lo t t ed  (by D r .  R. A r -  

noldy) as a func t ion  of t i m e  and a l t i t u d e  i n  F igu re  68. 

Also inc luded  are a l l - s k y  photographs l a b e l e d  wi th  t h e  t i m e  

a f t e r  launch i n  seconds.  The f l u x  recorded  h e r e  w a s  of 

e l e c t r o n s  wi th  energy greater than  85 kev and p ro tons  wi th  

energy greater than  255 kev. The rocke t  p o s i t i o n  w a s  shown 

on t h e  photos  by t h e  do t s .  

An i n t e r e s t i n g  comparison can be made between t h e  

r a p i d l y  changing a u r o r a l  f o r m s  and t h e  par t ic le  f l u x e s  

dur ing  t h i s  t i m e  period, It  i s  seen  t h a t  t h e  pa r t i c l e  

f l u x e s  w e r e  h i g h e s t  dur ing  t i m e s  of t h e  greatest a u r o r a l  

a c t i v i t y .  I n  g e n e r a l  t h e  f l u x  i s  h ighe r  on t h e  downward 

l e g  wi th  t h e  maximum f l u x  occur r ing  a t  apogee. The f l u x  

dropped off  very r a p i d l y  near  440 seconds when t h e  v i s i b l e  

au ro ra  w a s  f ad ing  qu ick ly .  A s  no ted  earlier,  t h e  riometer 

measured t h e  g r e a t e s t  abso rp t ion  of cosmic n o i s e  j u s t  past  

apogee when t h e  charged particle f l u x e s  w e r e  greatest. 

The ax ia l  f l u x g a t e  magnetometer used t o  measure t h e  

a x i a l  component of t h e  magnetic f i e l d  d id  n o t  work p rope r ly  

on f l i g h t  UNH 68-3. A new method w a s  used t o  o b t a i n  4, 
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t h e  a n g l e  between t h e  rocke t  s p i n  axis  and t h e  vec to r  magnetic 

f i e l d .  I t  w a s  found by a method which involved f ind ing  t h e  

slope of t h e  t r a n s v e r s e  magnetometer ou tpu t  trace when it 

c rossed  zero.  The r e s u l t s  of t h i s  c a l c u l a t i o n  are shown i n  

F igu re  69. I t  is  i n t e r e s t i n g  t o  n o t e  t h a t  a l though $ w a s  

ob ta ined  by an  independent method it resembles c l o s e l y  t h e  

r e s u l t s  of 18.39 and 18.41 shown i n  F igu re  56. Although, i n  

g e n e r a l ,  t h e  ang le s  are somewhat smaller it is  important  t o  

n o t e  t h e  shapes of t h e  curves are very s i m i l a r .  I t  s e e m s  un- 

l i k e l y  t h a t  a curve  l i k e  t h i s ,  i f  due t o  p recess ion ,  would 

reach  a maximum and minimum a t  near  t h e  s a m e  t i m e s  f o r  t h r e e  

s e p a r a t e  f l i g h t s .  Th i s  curve  provides  upper and l o w e r  l i m i t s  

f o r  t h e  a n g l e  $. 

4. F l i g h t  UNH 68-4 

Another rocke t  (NASA 18.40) w a s  launched a t  0748: 58 

U T  (168 minutes p a s t  l o c a l  midnight) on A p r i l  30, 1968 from 

F t .  Church i l l .  The t e l eme t ry  ground s t a t i o n  r e p o r t e d  loss 

of modulation on a l l  s u b c a r r i e r  o s c i l l a t o r s  a t  19 seconds 

a f t e r  launch. R a d a r  confirmed v e h i c l e  malfunct ion when it 

t r a c k e d  m u l t i p l e  o b j e c t s .  Fu r the r  i n v e s t i g a t i o n  r evea led  

t h a t  t h e  payload probably broke o f f  j u s t  above t h e  t e l e m e t r y  

s e c t i o n  dur ing  t h e  l a s t  second of t h e  Tomahawk burn. Th i s  

w a s  appa ren t ly  caused by an i n i t i a l  rocket sp in  rate which 
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was t o o  low. No u s e f u l  d a t a  w a s  acqu i r ed  from t h i s  f l i g h t .  

5 .  F l i g h t  UNH 68-5 

This  rocke t  (NASA 18-39)  w a s  launched on May 3, 1968 

a t  0 5 1 0 ~ 3 8  UT (10 minutes a f t e r  l o c a l  midnight ) .  Launch 

azimuth w a s  76O with  an i n i t i a l  e l e v a t i o n  of 85O (Figure  4 0 ) .  

Apogee w a s  a t  260 km and t h e  f l i g h t  l a s t e d  502 seconds 

(F igure  7 0 ) .  The s p i n  per iod ,  af ter  despin,  w a s  1.56 seconds 

and l i t t l e  p recess ion  w a s  observed. The F t .  Church i l l  tele- 

m e t r y  ground s t a t i o n  r ece ived  a c l e a n  t e l e m e t r y  s i g n a l  of 

15-20 pv/m throughout  t h e  e n t i r e  f l i gh t ' .  

A t  t h e  t i m e  of launch, t h e  ground s t a t i o n  magneto- 

meters a t  Church i l l  measured a d i s t u r b a n c e  of -462.). i n  t h e  

X (no r th )  component, -3757 i n  t h e  Y (east)  component, and  

+350y i n  t h e  Z ( v e r t i c a l )  component of t h e  magnetic f i e l d  

(F igure  7 1  ) . 
b e f o r e  launch and l a s t e d  approximately one hour. Magneto- 

grams from o t h e r  nearby s t a t i o n s  confirmed a westward flowing 

c u r r e n t  system. The 30 mHz r iometer  measured -2 1/2  db ab- 

s o r p t i o n  of cosmic n o i s e  i n d i c a t i n g  enhanced i o n i z a t i o n  

caused by p r e c i p i t a t i n g  particles.  

The n e g a t i v e  bay began about one h a l f  hour 

Ground based a l l - s k y  cameras a t  Church i l l  showed a 

d i f f u s e  au ro ra  overhead a t  t h e  t i m e  of launch. N e a r  t h e  

t i m e  o f  apogee a b r i g h t  arc formed i n  t h e  n o r t h e a s t .  Th i s  
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had begun t o  fade  by t h e  t i m e  t h e  rocke t  reached 100 km on 

t h e  downward l e g .  The do t  on t h e  upper photograph i n  Fig- 

u r e  72 i n d i c a t e s  t h e  rocke t  p o s i t i o n  a t  100 km on t h e  up- 

ward leg. The do t  on t h e  lower photograph shows t h e  r o c k e t  

p o s i t i o n  a t  100 km on t h e  dowiiward leg. The i n t e n s i t y  of 

557711 measured on t h e  ground w a s  greater than  10 KR. 
0 

The photometer r eco rds  f o r  t h i s  f l i g h t  are p l o t t e d  

i n  F igures  73, 74, 75, and 76. S i n c e  t h e  rocke t  w a s  flown 

i n  l a t e  s p r i n g ,  it flew above t h e  shadow c r e a t e d  by t h e  e a r t h  

and e n t e r e d  i n t o  s u n l i g h t .  The shadow h e i g h t  w a s  approxi- 

m a t e l y  230 Itm. This  accounts  f o r  t h e  i n c r e a s e  i n  i n t e n s i t y  

of t h e  photometer ou tpu t s  above 220 km, A comparison of 

t h e  6300A (upward l e g )  maximums and minimums (Figures  75, 
0 

76) shows p e n e t r a t i o n  of  t h e  d i f f u s e  au ro ra  overhead a t  

approximately 110 km. Cons idera t ion  of  t h e  5577A d a t a  (Fig- 
0 

u r e s  73, 74) i n d i c a t e s  p e n e t r a t i o n  a l s o ,  O n e  would estimate 

t h e  v e r t i c a l  t h i c k n e s s  of  t h e  a u r o r a  t o  be 15 o r  20 km wi th  

a h ighe r  i n t e n s i t y  a t  6300A than  a t  557711. These f ind ings  
0 0 

a g r e e  w i t h  t h e  ground based all sky camera photographs. 

The downward l e g  r e s u l t s  show a d i f f e r e n c e  between 

t h e  maximum and minimum plots  i n d i c a t i n g  p e n e t r a t i o n  t o  t h e  

c e n t e r  of  t h e  d i s p l a y  d i d n ' t  t a k e  place. 

r a p i d l y  varying 6300A minimum trace is unexplained except  

The reason f o r  t h e  
0 

f o r  t h e  p o s s i b i l i t y  t h a t  it was caused by t h e  d i s t a n t  d i f f u s e  
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a u r o r a  above F t .  C h u r c h i l l ,  The arc i n  t h e  n o r t h e a s t  had 

p a r t i a l l y  faded by t h e  t i m e  t h e  rocke t  reached 100 km. 

Summarizing, t h e  UNH 68-5 payload w a s  f i r e d  during 

a n e g a t i v e  bay wi th  a h o r i z o n t a l  magnetic d i s tu rbance  of 

-595y and a v e r t i c a l  component of +35Oy. This  i n d i c a t e s  

t h a t  a n  electrcjet  c u r r e n t  f lowing from t h e  sou th  t o  t h e  

w e s t  might have caused t h e  d i s tu rbance .  The v i s i b l e  au ro ra  

and t h e  riometer a b s o r p t i o n  i n d i c a t e  t h e  e x i s t e n c e  of  

charged p a r t i c l e  p r e c i p i t a t i o n  i n  t h e  ionosphere.  The ground 

photographs of t h e  au ro ra  show t h a t  t h e  rocke t  passed  through 

a d i f f u s e  au ro ra  on t h e  upward leg and c a m e  nea r  an arc on 

t h e  downward l e g .  

The t o t a l  (scalar) magnetic f i e l d  measured wi th  t h e  

p ro ton  p r e c e s s i o n  magnetometer is  shown i n  F i g u r e  77.  A 

3 
1/R f i e l d  normalized t o  apogee has been p l o t t e d  on t h i s  

graph and fa l l s  along t h e  upward l eg .  The d i f f e r e n c e  f i e l d  

is p l o t t e d  i n  F igu re  78.  The t r a j e c t o r y  of t h i s  f l i g h t  

w a s  approximately t h e  s a m e  as t h a t  of  UNH 68-1. The most 

prominent f e a t u r e  i s  t h e  r a p i d  f i e ld  i n c r e a s e  seen as a 

s p i k e  nea r  96 km on -the ui,‘w:’.ir~ leg. An o f f s e t  i n  t h e  f i e l d  

s t r e n g t h  i s  a l s o  n o t i c e d  on each s i d e  of t h e  sp ike .  A t  

t h e  same a l t i t u d e  t h e  s p i k e  occurred, t h e  rocke t  w a s  pas s ing  

through t h e  d i f f u s e  a u r o r a  overhead. Th i s  peak, i f  assumed 

t o  be due t o  a spatial  v a r i a t i o n ,  cou ld  be reproduced by a 
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4 l i n e  c u r r e n t  of -10 a m p s  a t  a d i s t a n c e  of 5 km from t h e  

rocke t .  This  c u r r e n t  w a s  flowing towards t h e  northwest and 

w a s  l o c a t e d  t o  t h e  southwest of t h e  rocke t .  

A g radua l  i n c r e a s e  i n  t h e  d i f f e r e n c e  f i e l d  w a s  seen 

dur ing  t h e  downward leg of  t h e  f l i g h t .  The UNH 68-1 r e f -  

e rence  f i e l d  w a s  used i n  c a l c u l a t i n g  t h e  d i f f e r e n c e  f i e l d ,  

t h u s  errors i n  t h e  UNH 68-1 t r a j e c t o r y  w i l l  be  i n h e r e n t  i n  

t h e  d i f f e r e n c e  f i e l d .  T i m e  v a r i a t i o n s  on t h e  ground magneto- 

g r a m s  i n d i c a t e  t h e  i n c r e a s e  on t h e  down leg may have been 

p a r t l y  due t o  an i n c r e a s e  i n  t h e  c u r r e n t  i n t e n s i t y  t h a t  

occur red  when t h e  rocke t  reached apogee. This  i n c r e a s e  might 

be r e l a t e d  t o  t h e  formation of a b r i g h t  arc i n  t h e  n o r t h e a s t  

as t h e  rocke t  approached apogee. 

I t  has  been noted  i n  p a r t  1 of  t h i s  s e c t i o n  t h a t  no 

r a d a r  d a t a  w a s  a v a i l a b l e  f o r  f l i g h t  UNH 68-1. The trajec- 

t o r y  used i n  p l o t t i n g  t h e  r e f e r e n c e  magnetic f i e l d  w a s  ob- 

t a i n e d  us ing  estimates of t h e  t i m e  and a l t i t u d e  based on t h e  

averages of t h e  o t h e r  f l i g h t s .  The t o t a l  t i m e  of f l i g h t  and 

t h e  f l i g h t  azimuth w e r e  ob ta ined  from t h e  t e l eme t ry  ground 

s t a t i o n  and w e r e  based on t h e  "loss of s i g n a l "  t i m e  and 

d i r e c t i o n  of maximum s i g n a l  r e s p e c t i v e l y .  The minimum m a g -  

n e t i c  f i e l d  w a s  measured a t  apogee and provided another  m e t -  

hod of determining t h e  t i m e  o f  maximum a l t i t u d e .  

There i s  a p o s s i b i l i t y  t h a t  an error in conputing t h e  
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t r a j e c t o r y  of UNH 68-1 cou ld  have caused t h e  increase i n  

t h e  d i f f e r e n c e  f i e l d  seen i n  f l i g h t s  UNH 68-2, UNH 68-3, 

and UNH 68-5. I f  t h e  t r a j e c t o r y  w a s  i n  e r r o r ,  t h e  primary 

change would be i n  t h e  slopes of t h e  d i f f e r e n c e  f i e l d  whi le  

t h e  magnetic d i s tu rbances  due t o  c u r r e n t s  would s t i l l  be  

f a i r l y  w e l l  r ep resen ted .  

Seve ra l  f e a t u r e s  i n d i c a t e  t h e s e  downward leg in-  

c r e a s e s  m 2 y  have p a r t i a l l y  been due t o  t i m e  v a r i a t i o n s  i n  t h e  

f i e l d .  I n  a l l  t h r e e  cases, t h e  t i m e  v a r i a t i o n s  of t h e  f i e l d  

shown on t h e  ground magnetogram j u s t  past apogee can be  x e d  

t o  exp la in  t h e  v a r i a t i o n s  seen on t h e  d i f f e r e n c e  f i e l d  p l o t s .  

Another i n d i c a t i o n  t h a t  t h e  t r a j e c t o r y  may be p a r t i a l l y  v a l i d  

w a s  t h a t  t h e  q u i e t  t i m e  t o t a l  f i e l d  ag rees  q u a l i t a t i v e l y  

w i t h  a q u i e t  t ime f i e l d  measured by Coalex (1960).  I n  t h e  

q u i e t  t i m e  f l i g h t s  a larger f i e l d  w a s  measured on t h e  upward 

l e g  whi le  dur ing  t h e  d i s t u r b e d  c o n d i t i o n  f l i g h t s ,  t h e  largest 

f i e l d  w a s  measured on t h e  downward l e g .  The azimuths of 

bo th  q u i e t  t i m e  f l i g h t s  w e r e  s i m i l a r ,  

The electric f i e l d  pe rpend icu la r  t o  t h e  rocke t  s p i n  

a x i s  i s  p l o t t e d  as a func t ion  of a l t i t u d e  f o r  t h e  upward l e g  

i n  F igu re  79, The f i e l d  f o r  each r e v o l u t i o n  has  been p l o t -  

t e d  and t h e  induced ; x f i e l d  due t o  t h e  rocke t  motion 

has  been s u b t r a c t e d .  The f i e l d  p o i n t e d  towards t h e  south- 

w e s t  quadrant  throughout  t h e  e n t i r e  f l i g h t  and w a s  i n  
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agreement wi th  t h e  observed d r i f t  of t h e  a u r o r a l  forms 

i n  t h e  E x d i r e c t i o n  (F igure  81) .  The f i e l d  w a s  gene ra l -  

l y  h igher  i n  t h e  v i c i n i t y  of t h e  v i s i b l e  aurora ;  however, 

a t  195 km and nea r  apogee t h e  f i e l d  dropped b r i e f l y  t o  

lower values .  The l a r g e  s p i k e  a t  105 km occurred j u s t  

a f t e r  t h e  l a r g e  s p i k e  appeared on t h e  magnet ic  f i e l d  record .  

The  f i e l d  magnitude w a s  p r i m a r i l y  i n  t h e  30 t o  40 mv/m 

range. 

The e lectr ic  f i e l d  on t h e  downward l e g  i s  shown i n  

F igu re  80.  The f i e l d  inc reased  j u s t  p a s t  apogee t o  50 mv/m 

and then  decreased  t o  z e r o  n e a r  1 2 7  km. I t  then  inc reased  

t o  a maximum near  100 km. The i n c r e a s e  near  100 km ozcur- 

r e d  when t h e  rocke t  w a s  near t h e  arc i n  t h e  n o r t h e a s t .  

The r e s u l t s  of D r .  Roger Arnoldy 's  s o l i d  s t a t e  charged 

par t ic le  detectox experiment a r e  given i n  F igure  8 2  where 

one second averages of  t h e  d a t a  w e r e  t aken .  T h i s  shows a 

m a x i m u m  f l u x  w a s  measured near 220 km. Th i s  decreased t o  

a low v a l u e  near  apogee and then  inc reased  t o  a sma l l e r  

maximum near 170 k m  on t h e  downward l eg .  These f l u x e s  

w e r e  i n  g e n e r a l  agreement wi th  t h e  r iometer  r eco rd  which 

a l s o  showed a d i p  near  t h e  t i m e  of apogee. T h e r e  appears 

t o  be some c o r r e l a t i o n  between t h e  maximum f l u x e s  and t h e  

v i s i b l e  aurora s i n c e  on t h e  upward leg t h e  l a r g e s t  f l u x  

occurred  ap2roximately 100 km above t h e  d i f f u s e  au ro ra  
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w h i l e  another  f l u x  i n c r e a s e  occurred on t h e  downward l e g  

above t h e  rayed arc, 

The r e s u l t s  of t h e  a x i a l  f l u x g a t e  magnetoneter ex- 

per iment  are p lo t ted  i n  F igu re  83, This  measured the com- 

ponent of t h e  magnetic f i e l d  a long t h e  s p i n  a x i s  of t h e  

rocket ( n e a r l y  v e r t i c a l  for t h i s  f l i g h t ) .  Part of t h e  data 

on t h e  upward leg i s  missing because t h e  f i e l d  va lue  went 

b e l o w  t h e  range of t h e  instrument  (F igure  8 3 ) .  The va r i a -  

t i o n  i n  t h e  a n g l e  \Ir between t h e  rocke t  s p i n  a x i s  and t h e  

t o t a l  magnetic f i e l d  vec to r  is shown i n  F igu re  56. The 

a n g l e  JI w a s  foznd using t h e  measured a x i a l  f i e l d  and t h e  

measured t o t a l  f i e l d  magnitude. The s p i n  a x i s  i n i t i a l l y  

made a 7 . 5  a n g l e  wi th  t h e  magnetic f i e l d .  Th i s  ang le  i s  

p r e d i c t e d  t o  i n c r e a s e  about  lo u n t i l  apogee us ing  t h e  rocke t  

0 

t r a j e c t o r y ,  assumed rocke t  s p i n  d i r e c t i o n  and t h e  Jensen 

and Cain ( 1 9 6 2 )  f i e l d .  A f t e r  apogee t h e  ang le  should s t a r t  

t o  Secome smaller. A lOOw dis tu rbance  f i e l d  due t o  an 

e l e c t r o j e t  a t  r i g h t  ang le s  t o  t h e  e a r t h ' s  f i e l d  of 55,OOOy 

w o u l d  on ly  change t h e  d i r e c t i o n  b y - 1  . The v a r i a t i o n  ob- 

served  w a s  n e a r e r  12O and t h u s  w a s  p robably  n o t  due t o  iono- 

-- 

0 

s p h e r i c  c u r r e n t s .  I t  w a s  u n l i k e l y  t h a t  t h i s  w a s  caused by 

a very s l o w  p recess ion  s i n c e  f l i g h t s  UNH 68-2 and UNH 68-3 

showed very s i m i l a r  angu la r  changes (F igures  55 , 69 ) . An- 

o t h e r  p o s s i b i l i t y  w a s  t h a t  t h e  v a r i a t i o n  w a s  due t o  a n  
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anomaly i n  t h e  e a r t h ' s  f i e l d  n o t  accounted f o r  by t h e  Jen- 
sen  and Cain (1962) f i e l d .  I t  d i d  g i v e  an  upper and lower -- _I ..-- 

l i m i t  f o r  t h e  change i n  Q during t h e  f l i g h t  and was used  

f o r  e s t ima t ing  p o s s i b l e  error i n  I\r when c a l c u l a t i n g  G x 

f o r  t h e  e lec t r ic  f i e l d  measurements, 
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SECTION V I  

CONCLUSIONS 

1. Discussion of  Rocket Resu l t s  

The r o c k e t s  of  t h i s  series (UNH 68-1 t o  UNH 68-5) 

w e r e  launched dur ing  a v a r i e t y  of a u r o r a l  and magnetic con- 

d i t i o n s .  The f i r s t ,  UNH 68-1, w a s  launched dur ing  a q u i e t  

p e r i o d  wi th  l i t t l e  a u r o r a l  o r  magnetic a c t i v i t y .  Th i s  f l i g h t  

provided no t  only a t e s t  of t h e  new experiments b u t  a lso a 

r e l a t i v e l y  und i s tu rbed  " re fe rence"  magnetic f i e l d .  The 

r e f e r e n c e  f i e l d ,  a t  least  t h e  upward leg of t h e  f i r s t  f l i g h t ,  

was used t o  calculate t h e  f i e l d  due t o  ionospher ic  c u r r e n t s  

f o r  t h e  t h r e e  o t h e r  s u c c e s s f u l  f l i g h t s .  An upper l i m i t  f o r  

q u i e t  t i m e  D. C. electric f i e l d s  of 20 mv/m w a s  obtained.  Un- 

f o r t u n a t e l y  t h e  t r a j e c t o r y  f o r  t h i s  f l i g h t  w a s  n o t  w e l l  known 

due t o  t h e  f a i l u r e  of  t h e  r a d a r  system t o  " lock  on" t h e  t a r g e t .  

The f l i g h t s  w e r e  s i m i l a r  i n  t h a t  t h e  t r a j e c t o r i e s  

d i d  n o t  vary g r e a t l y  i n  azimuth, a l t i t u d e ,  and e l e v a t i o n ;  

a l l  f l i g h t s  w e r e  i n  t h e  n o r t h e a s t  quadrant .  The t i m e  o f  

t h e  launches w a s  near  l o c a l  midnight i n  each case and they  

w e r e  a l l  f i r e d  from F t .  Church i l l .  The experimental  payload 

remained t h e  s a m e  f o r  each f l i g h t .  

F l i g h t s  UNH 68-2, UNH 68-3, and UNH 68-5 w e r e  
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launched dur ing  nega t ive  magnetic bays.  The ground l e v e l  

components of t h e  d i s t u r b a n c e  f i e l d  i n d i c a t e d  t h e  bay could 

have been caused by a n  "equ iva len t "  i onosphe r i c  l i n e  c u r r e n t  

flowing towards t h e  northwest .  An e q u i v a l e n t  c u r r e n t  is  a 

model of a c u r r e n t  t h a t  would produce t h e  ground d i s tu rbance  

b u t  i s  r e s t r i c t e d  t o  t h e  ionospher ic  " s h e l l " .  A c u r r e n t  s i m i -  

l a r  t o  t h e  e q u i v a l e n t  c u r r e n t  may have c r e a t e d  t h e  d i s tu rbance  

b u t  t h e r e  is  t h e  p o s s i b i l i t y  of a d d i t i o n a l  c u r r e n t  flow t o  and 

from t h e  magnetosphere ( f i e l d  a l i g n e d  c u r r e n t s ) .  

The rocke t  measurements r evea led  t h a t  t h e  g r e a t e s t  

f i e l d  d i s t o r t i o n  on s e v e r a l  f l i g h t s  w a s  be tween 90 and 150 

I km. These measurements are c o n s i s t e n t  wi th  a l o c a l i z e d  

ionosphe r i c  c u r r e n t  f lowing s o u t h e a s t  t o  northwest .  F i e l d  

a l i g n e d  c u r r e n t s  may have been p r e s e n t  b u t  a f i e l d  a l i g n e d  

c u r r e n t  must produce a f i e l d  of .-5OOOy i n  o r d e r  t o  make a 

change of - 2 0 0 ~  i n  t h e  measured f i e l d  magnitude. T h i s  is 

because t h e  f i e l d  a l i g n e d  c u r r e n t  produces a d i s tu rbance  

f i e l d  which is  a t  r i g h t  ang le s  t o  t h e  e a r t h ' s  f i e l d .  The 

t o t a l  f i e l d  magnitude i s  then  t h e  squa re  r o o t  of  t h e  s u m  of 

t h e  squa res  of t h e  d i s t u r b a n c e  f i e l d  and t h e  r e l a t i v e l y  

l a r g e  e a r t h ' s  f i e l d  ( 5 5 , 0 0 0 ~ ) .  Magnetic f i e l d s  due t o  f i e l d  

aligned c u r r e n t s  can change t h e  d i r e c t i o n  of  t h e  vec to r  m a g -  

n e t i c  f i e ld  b u t  s i n c e  t h e  e a r t h ' s  f i e ld  i s  greater than  

50 ,000~  a d i s t u r b a n c e  f i e l d  of 5000y would r e s u l t  i n  a change 
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o f  d i r e c t i o n  of t h e  vec to r  f i e l d  of on ly  5O. 

The westward flowing e l e c t r o j e t  measured dur ing  

t h e s e  f l i g h t s  is  c o n s i s t e n t  wi th  a c u r r e n t  system sugges ted  

by Akasofu -- and __. Men2 (1969).  They sugges t  a c u r r e n t  f lowing 

down f i e l d  l i n e s  i n  t h e  morning sector, flowing westward 

a c r o s s  t h e  a u r o r a l  zone a long  t h e  a u r o r a l  ova l  and flowing 

ou t  f i e l d  l i n e s  i n  t h e  evening s e c t o r .  I t  is also cons is -  

t e n t  w i th  a c u r r e n t  system flowing only  i n  t h e  ionosphere.  

1 

One can say  t h a t  t h e  c u r r e n t s  t h a t  produced t h e  

very narrow peak on t h e  UNH 68-5 r eco rd  w e r e  very l o c a l i z e d .  

The dimension of t h e  c r o s s  s e c t i o n  of t h e  c u r r e n t  m u s t  be  

'less t han  5 km. The c u r r e n t  might have been a band wi th  a 

t h i c k n e s s  of s e v e r a l  k i lome te r s  pe rpend icu la r  t o  t h e  f i e l d  

and a h e i g h t  of 10 t o  30 k i lome te r s  a long  t h e  f i e l d .  Using 

t h e s e  f i g u r e s ,  one can estimate a c u r r e n t  d e n s i t y  i n  t h e  

range of 1 x amp/m2 t o  3 x loB5 amp/m2 which ag rees  

wi th  t h e  p r e d i c t i o n  of -vu_ Bostrbm (1964). 

F i e l d  a l i g n e d  c u r r e n t s  may have e x i s t e d  dur ing  f l i g h t  

UNH 68-3. The v i s i b l e  a u r o r a l  forms dur ing  much of t h i s  f l i g h t  

c o n s i s t e d  of a u r o r a l  r a y s  extending down from t h e  z e n i t h .  T h i s  

i n d i c a t e s  w e  w e r e  looking up f i e l d  l i n e s  upon which charged 

par t ic les  w e r e  s p i r a l l i n g  i n t o  t h e  ionosphere.  The p a r t i c l e  

f l u x  measured dur ing  t h e  f l i g h t  reached a maximum near  apogee 

of -10 particles/cm2-steradian. A rough c a l c u l a t i o n  of t h e  6 
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coul  -1.6 x lo-' -19 c u r r e n t  d e n s i t y  (J-106/cm2 sec x 1.6 x 10 

2 amp/m ) i n d i c a t e s  a f i e l d  a l i g n e d  c u r r e n t  due t o  t h e  measured 

par t ic les  is  too  s m a l l  t o  produce t h e  measured magnetic d i s -  

tu rbances ,  t h u s  our  measurements a lone  cannot confirm f i e l d  

a l i g n e d  c u r r e n t s .  

A 5O change i n  azimuth ang le  (between s p i n  d i r e c t i o n  

and magnetic f i e l d )  w a s  measured on UNH 68-3. Considering t h i s  

as due t o  a f i e l d  a l i g n e d  c u r r e n t ,  it would i n d i c a t e  a d i s tu rbance  

f i e l d  of ~ 5 0 0 0 ~  or a change of ~ 2 0 0 ~  i n  t h e  t o t a l  f i e l d  (which 

w a s  measured). Assuming t h e  rocke t  f l e w  w i t h i n  10 km of t h e  

c u r r e n t ,  w e  can c a l c u l a t e  an upper l i m i t  f o r  t h e  f i e l d  a l i g n e d  

, c u r r e n t  of 2 . 5  x l o 5  amp. 

I t  i s  n o t i c e d  t h a t  t h e  t r a n s v e r s e  e lectr ic  f i e l d  on 

UNH 68-3 w a s  on t h e  average two t o  t h r e e  t i m e s  smaller than  on 

UNH 65-2  which w a s  f i r e d  dur ing  a period of widespread moderate 

magnetic a c t i v i t y .  S ince  t h e  ionosphere i s  a h i g h l y  conducting 

" s h e l l "  a f i e l d  a l i g n e d  c u r r e n t ,  upon e n t e r i n g  t h e  ionosphere,  

could spread  o u t  i n t o  several less i n t e n s e  c u r r e n t s ,  These 

c u r r e n t s  would produce a m o r e  l o c a l i z e d  ground magnetic d i s t u r -  

bance as w a s  measured du r ing  UNH 68-3 and would r e q u i r e  smaller 

h o r i z o n t a l  electric f i e l d s  t o  d r i v e  them w h i l e  t h e  f i e l d  a l i g n e d  

c u r r e n t  might be d r iven  by a s t r o n g e r  parallel  electric f i e ld .  

Another possible cause  of the  l o w e r  electric f i e l d s  measured 

i n  UNH 68-3 is t h a t  t h e  payload w a s  i n  t h e  au ro ra  dur ing  much 
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of t h e  f l i g h t .  Previous experiments i n d i c a t e  t h e  f i e l d s  t end  

t o  be l o w e r  i n s i d e  reg ions  of a u r o r a l  a c t i v i t y .  Photometer 

r e s u l t s  on t h i s  f l i g h t  i n d i c a t e  v i s i b l e  au ro ra  over a large 

a l t i t u d e  span. 

A widespread electrojet  system w a s  p r e s e n t  dur ing  

f l i g h t  UNH 68-2 as mentioned earlier.  The larger w e s t -  

ward flowing c u r r e n t s  (-lo4 a m p )  coupled w i t h  t h e  p r e d i c t e d  

H a l l  conduc t iv i ty  mho/m) could  r e s u l t  f r o m  southward 

d i r e c t e d  e lectr ic  f ie lds  of t h e  s a m e  order t h a t  w e r e  m e a -  

s u r e d  (30-60 mv/m). S i m i l a r  remarks can be made about 

f l i g h t  UNH 68-5. 

The d i r e c t i o n  of the model electrojet  c u r r e n t s  (based 

on experimental  r e s u l t s )  w e r e  compared wi th  t h e  d i r e c t i o n  of  t h e  

v i s i b l e  au ro ra .  I n  UNH 68-2 and UNH 68-5, t h e  c u r r e n t  w a s  

f lowing approximately paral le l  t o  arcs or  bands a t  s e v e r a l  

t i m e s .  A comparison of t h i s  t y p e  w a s  n o t  a t tempted  for UNH 68-3 

due t o  t h e  unique forms and rapid changes. The paral le l  f l o w  

of c u r r e n t  r e v e a l s  r eg ions  of h ighe r  conduc t iv i ty  para l le l  t o  

and probably caused by t h e  i o n i z a t i o n  p r e s e n t  i n  or near  an 

a u r o r a l  f o r m .  The southward electric f ie lds  measured w e r e  

approximately pe rpend icu la r  t o  t h e  electrojets and i n d i c a t e s  

t h e  electrojet  is p r i m a r i l y  a H a l l  c u r r e n t .  The d i r e c t i o n  

and magnitude of the  f i e l d s  w a s  s i m i l a r  t o  t h o s e  predicted 

by - a l .  (1967). 
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A comparison of t h e  electric f i e l d  wi th  t h e  rocke t  

photometer and a l l  sky camera r e s u l t s  i n d i c a t e d  i n  sev- 

eral  cases t h a t  t h e  electric f i e l d  tended  t o  be lower i n -  

side t h e  a u r o r a l  form than  i n  r eg ions  o u t s i d e  of it. A 

s i m i l a r  obse rva t ion  w a s  a l s o  made by Maynard (1968). 

I n  f l i g h t  UNH 68-5, t h e  a u r o r a l  forms w e r e  observed 

t o  d r i f t  i n  t h e  E x fi vec to r  d i r e c t i o n  ( f o r  a measured 

southward E f i e l d ) .  I f  one assumes (as i n d i c a t e d  by l ack  

of v a r i a t i o n  of E wi th  a l t i t u d e )  t h a t  t h e  electric f i e l d s  

w e r e  mapped along t h e  magnetic f i e l d  l i n e s  (assumed t o  b e  

e q u i p o t e n t i a l ) ,  t hen  t h e  e lectr ic  f i e l d s  po in t ed  r a d i a l l y  i n -  

ward i n  t h e  e q u a t o r i a l  plane on t h e  n i g h t  s i d e  of t h e  e a r t h  a t  

d i s t a n c e s  of s e v e r a l  e a r t h  r a d i i .  According t o  Fejer (1963) 

t h i s  would i n d i c a t e  an  inward d r i f t  of low energy e l e c t r o n s  

w a s  t a k i n g  place a t  3 t o  6 RE ( r e l a t i v e  t o  h ighe r  energy 

p r o t o n s ) .  Th i s  is i n  g e n e r a l  agreement w i t h  t h e  concept of 

plasma coming up t h e  magnetospheric t a i l  towards t h e  n i g h t  

s i d e  of t h e  e a r t h .  The V B d r i f t  l e a d s  p ro tons  t o  t h e  

evening quadrant  where t h e y  i n f l a t e  (weaken) t h e  magnetic 

1 1  

f i e l d .  The electric f i e l d  caused by t h e  charge s e p a r a t i o n  

can then  cause  c u r r e n t s  t o  f l o w  a long  t h e  a u r o r a l  ova l .  

Fluxes of charged particles are c l o s e l y  t i e d  

i n  w i t h  a u r o r a l  phenomena. Previous experiments have shown 

t h e  v i s i b l e  a u r o r a  is a s s o c i a t e d  p r i m a r i l y  wi th  low energy (kev) 
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e l e c t r o n s  (McIIwain, --- - 1960). The r e s u l t s  of t h e  p r e s e n t  

f l i g h t s  show a c o r r e l a t i o n  between t h e  cosmic n o i s e  ab- 

s o r p t i o n  measured by t h e  r iometer  and t h e  par t ic le  f luxes .  

Th i s  i n d i c a t e s  t h e  par t ic les  w e r e  caus ing  inc reased  ion i -  

z a t i o n  a t  a u r o r a l  a l t i t u d e s .  Th i s  w a s  f u r t h e r  seen  i n  

s e v e r a l  cases when t h e  a u r o r a l  i n t e n s i t y  inc reased  a t  t h e  

same t i m e  t h e  par t ic le  f l u x e s  w e r e  i nc reas ing .  

The d a t a  on t h e  a x i a l  magnetic f i e l d  from f l i g h t s  

UNH 68-2 and UNH 68-5 shows a normal decrease i n  t h e  f i e l d  

on t h e  upward legs. The downward leg reco rds  show a f l a t -  

t e n i n g  of t h e  d a t a  a t  a lower t h a n  expected f i e l d  magni- 

t u d e .  S ince  t h e  downward ax ia l  f i e l d  w a s  l o w  and t h e  

t o t a l  f i e l d  w a s  normal ( o r  s l i g h t l y  h i g h e r ) ,  t h e  a n g l e  

between t h e  s p i n  a x i s  and t h e  f i e l d  changed. Th i s  could 

be a combination of a change i n  t h e  s p i n  axis d i r e c t i o n  

and t h e  changing magnetic f i e l d  d i r e c t i o n  due t o  t h e  cur- 

vatuEe of t h e  f i e l d  l i n e s  and t h e  h o r i z o n t a l  movement of 

t h e  rocke t .  

2.  Recommendations f o r  Fu tu re  Experiments 

I t  is t h e  opin ion  of t h e  au tho r  t h a t  a necessary  

and logical  nex t  s tep  i n  i n v e s t i g a t i n g  a u r o r a l  phenomena 

would be t o  determine t h e  processes involved i n  a magneto- 

s p h e r i c  substorm. With a knowledge of t h i s ,  one could  n o t  
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only  g a i n  i n s i g h t  i n t o  a u r o r a l  phys ics  b u t  a l s o  magneto- 

s p h e r i c  and p l a n e t a r y  phys ics .  

One of t h e  least  s t u d i e d  a u r o r a l  parameters  a t  t h i s  

t i m e  is  t h e  electric f i e l d .  It  is  not  only c l o s e l y  con- 

nec ted  w i t h  t h e  magnetic f i e l d  b u t  a lso w i t h  t h e  conduc- 

t i v i t y ,  c u r r e n t  systems and plasma p r o p e r t i e s  of  t h i s  reg ion .  

An inc reased  understanding of  t h e  electric f i e l d  would 

g r e a t l y  h e l p  t o  determine more about t h e  magnetospheric 

substorm. 

The measurements d i scussed  i n  t h i s  paper  g i v e  some 

i n s i g h t  i n t o  t h e  substorm process .  They wexe ,  by n e c e s s i t y ,  

L i m i t e d  t o  s h o r t  p e r i o d s  of t i m e  a t  near  t h e  s a m e  a l t i t u d e  

and l o c a t i o n  a l though t h e y  w e r e  done dur ing  s e v e r a l  t ypes  

of a u r o r a l  cond i t ions .  The nex t  measurement should  be  

measurements of t h e  e lectr ic  f i e l d  and cou ld  be done wi th  

s e v e r a l  sets of probes and booms. I n  conjunct ion  wi th  t h i s ,  

t h e r e  should be more accurate measurements of t h e  vec tor  

magnetic f i e l d  t o  h e l p  i n  l o c a t i n g  t h e  s m a l l  d i r e c t i o n  and 

magnitude changes of t h e  f i e l d  c r e a t e d  by f i e l d  a l i g n e d  

c u r r e n t s .  
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APPENDIX A 

CURRENT COLLECTION BY METALLIC PROBES 

When an uncharged metall ic body is  p laced  i n  t h e  

ionosphere it is  l i k e l y  t o  become nega t ive ly  charged s i n c e  

m o r e  e l e c t r o n s  c o l l i d e  wi th  it than  ions  due t o  t h e  h ighe r  

e l e c t r o n  thermal  veloci t ies .  I n  t h i s  d i s c u s s i o n ,  it i s  

assumed t h e  body i s  nega t ive ly  charged. When a charged 

meta l l ic  o b j e c t  i s  immersed i n  a plasma, a shea th  of  t h e  

oppos i te  charge w i l l  be formed about it t o  a th ickness  be- 

yond which t h e  plasma appears  e l e c t r i c a l l y  n e u t r a l .  I n  t h e  

case of e lectr ic  f i e l d  measurements, it i s  necessary t o  

avoid ove r l ap  of t h e  probe and rocke t  body shea ths  wherever 

p o s s i b l e  s i n c e  t h i s  may cause v a r i a t i o n s  of t h e  p o t e n t i a l  

between t h e  probes,  thus  a f f e c t i n g  t h e  measurement. The 

equat ion  f o r  t h e  Debye Length i s  (Rei tz  and Milford,  1 9 6 2 )  - 

=j/@Y 2Noe 

The Debye Length i s  -2 x low3 m i n  t h e  100-200 km region.  

Thus a t  l o w e r  a l t i t u d e s ,  shea th  ove r l ap  i s  n o t  a s e r i o u s  

problem s i n c e  it is  s h o r t .  

I t  has  a lso been n o t i c e d  by Bourdeau e t  a l .  (1961)  t h a t  
_.- 

for  h ighe r  rocke t  and s a t e l l i t e  velocit ies t h e  s p a c e c r a f t  

"rams" t h e  i o n s  s i n c e  it has  a v e l o c i t y  greater than  t h e  i o n  

v e l o c i t y .  Also, it is  no t i ced  t h a t  a nega t ive  wake e x i s t s  
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on t h e  a n t i - v e l o c i t y  v e c t o r  s i d e  s i n c e  t h e  ions  cannot 

over take  t h e  s p a c e c r a f t  due t o  t h e i r  l o w e r  v e l o c i t y .  T h i s  

r e s u l t s  i n  a h ighe r  i on  c u r r e n t  on t h e  f r o n t  s i d e  of t h e  

probes ( v e l o c i t y  v e c t o r  s i d e )  as seen i n  Figure 15 . This 

i s  taken i n t o  account by adding t h e  re la t ive ion  and space- 

c r a f t  v e l o c i t y  t o  t h e  c u r r e n t  d e n s i t y  

Maxwell-Boltzman d i s t r i b u t i o n .  

equa t ion  for an assumed 

3 where  N+ i s  t h e  ion  d e n s i t y  (ions/m ) 

v e l o c i t y  p l u s  t h e  s p a c e c r a f t  v e l o c i t y  

and v'+ is  t h e  mean ion  

r e l a t i v e  t o  t h e  plasma. 

where k i s  Boltzman's cons t an t  ( Jou le /Ko) ,  T is ambient i on  

temperature  ( O K ) ,  and m+ i s  t h e  ion  m a s s  (Kgm) . The e l e c t r o n  

c u r r e n t  d e n s i t y  i s  l i k e w i s e  given as  

where Cp i s  t h e  p o t e n t i a l  of t h e  probe,  Ne is t h e  e l e c t r o n  

i s  ambient e l e c t r o n  temperature  3 
Te d e n s i t y  (e lec t rons /m ) , 

( O K ) ,  and ve is  t h e  mean thermal  e l e c t r o n  v e l o c i t y  ( m / s e c )  . 
I n  t h e  case of d a y l i g h t  f l i g h t s ,  one must a l s o  cons ide r  a 

p h o t o e l e c t r i c  emission c u r r e n t  d e n s i t y  J 

has eva lua ted  t h i s  as 

Hin teregger  ( 1 9 5 9 )  
Ph - 
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2 J - . 5  x amps/m 
ph 

For e q u i l i 5 r i u m  c o n d i t i o n s  t h e  n e t  c u r r e n t  flow t o  t h e  sphe re  

i s  z e r o ,  and Qne can w r i t e  a c u r r e n t  ba l ance  equa t ion  

/Jeds + /-J+ds + J ds = 0 1 Ph 
For a moving probe,  t h e  e l e c t r o n  c u r r e n t  d e n s i t y  i n  t e r m s  of 

a t o t a l  p o t e n t i a l  i n c l u d i n g  E r and 7 x E * r is  
- - 

W e  can s o l v e  f o r  t h e  p o t e n t i a l  f o r  a probe of r a d i u s  a.  

T h e  p o t e n t i a l  + of t h e  r igh thand  boom i n  F igu re  1 3  (a f te r  

Aggson and Heppner, 1 9 6 5 )  i s  
+ 

- - -  - - -  
e (E+vxB) *dl  

b+ds + b p h d s  

T h i s  e x p r e s s i o n  can be s o l v e d  for 9, 
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The 2 o t e n t i a l  4- f o r  t h e  o t h e r  probe i s  found i n  t h e  s a m e  way. 

The p o t e n t i a l  d i f f e r e n c e  between t h e  probes is  found by sub- 

t r a c t i n g  (&+) from (&-) .  

-kTe 
Ln - A 4  = 4--4+ - - 

e 
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This i s  reduced t o  

The s e p a r a t i o n  8 between t h e  c e n t e r s  of t h e  c u r r e n t  c o l l e c t i n g  

probes is j u s t  a1 + a2. 
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APPENDIX E3 

The d a t a  a n a l y s i s  f o r  t h e  r o c k e t  series w a s  accomplisheZ 

wi th  t h e  a i d  of s e v e r a l  computer programs w r i t t e n  i n  For t r an  I V  

f o r  t h e  IBM 360  and 1620. One of t h e  f i r s t  problems involved 

c a l c u l a t i n g  t h e  t r a j e c t o r y  of t h e  r o c k e t  us ing  t h e  r a d a r  p l o t -  

board d a t a  rece ived  from F t .  Churchi l l .  I n  every case t h i s  

d a t a  w a s  incomplete and covered only  p o r t i o n s  of t h e  t r a j e c t o r y .  

To compute t h e  t r a j e c t o r y ,  a v a r i a b l e  g ,  f r e e  f a l l  t r a j e c t o r y  

program w a s  w r i t t e n  which assumed a c o n s t a n t  h o r i z o n t a l  veloc- 

i t y  and could b e  used above -40 km. The i n p u t  f o r  each t ra jec-  

t o r y  t o  be  computed w a s  t h e  t i m e  a t  apogee, a l t i t u d e  a t  apogee 

and range a t  apogee. The ou tpu t  c o n s i s t e d  of a p l o t  of t h e  

computed t r a j e c t o r y ,  a deck of ca rds  wi th  t h e  a l t i t u d e ,  t i m e ,  

r ange ,  and v e l o c i t y  f o r  a given a l t i t u d e ,  and a l i s t i n g  of t h e  

d a t a  t h a t  i s  punched on t h e  cards .  

I 

On s e v e r a l  f l i g h t s ,  t h e  apogee informat ion  was n o t  

a v a i l a b l e  s i n c e  r a d a r  l o s t  t r a c k  e a r l y  i n  t h e  f l i g h t .  I n  

t h e s e  cases  a least  squares  f i t  program allowed us ing  what 

r a d a r  d a t a  w a s  a v a i l a b l e .  A l l  f l i g h t s  had s o m e  r a d a r  d a t a  

except  18.38. P red ic t ed  v e h i c l e  performance d a t a  w a s  used t o  

compute t h e  t r a j e c t o r y  f o r  t h a t  f l i g h t .  

The o u t p u t  of t h e  t r a j e c t o r y  program w a s  t hen  used as 

t h e  i n p u t  t o  a program which changed t h e  v e l o c i t y  and range t o  

s p h e r i c a l  coord ina tes  and c a l c u l a t e d  t h e  l a t i t u d e  and longi tude  

of t h e  r o c k e t  as a f u n c t i o n  of t i m e .  The ou tpu t  cons i s t ed  of 



a deck of cards on which w e r e  t h e  a l t i t u d e ,  t i m e ,  components 

of v e l o c i t y ,  l a t i t u d e  and t h e  longi tude .  The next  program 

i n t e r p o l a t e d  t h e s e  q u a n t i t i e s  t o  3 2  t i m e s  a second and a l s o  

c a l c u l a t e d  t h e  a s p e c t  ang le  13 i n  t h e  p l ane  perpendicular  t o  

t h e  s p i n  a x i s .  These va lues  were stored on a magnetic t ape .  

The t h e o r e t i c a l  magnetic f i e l d  of t h e  e a r t h  w a s  also 

c a l c u l a t e d  us ing  Jensen and Cain c o e f f i c i e n t s  i n  a s p h e r i c a l  

harmonic a n a l y s i s  program. The r e s u l t s  of t h e  preceding pro- 

grams p l u s  da t a  on t h e  ang le  between t h e  s p i n  ax is  and t h e  

magnetic f i e l d  ( $ 1  and t h e  incrementa l  va lues  of t h e  x 

electric f i e l d  w e r e  t hen  p u t  on a master rocke t  tape .  Once  

t h e  master t a p e  w a s  made it w a s  easier t o  w r i t e  smaller pro- 

grams f o r  t h e  i n d i v i d u a l  experiments which could c a l l  on t h e  

t a p e  f o r  needed informat ion .  An example of a program of t h i s  

type  w a s  one which s u b t r a c t e d  t h e  induced electric f i e l d  from 

t h e  t o t a l  measured e lectr ic  f i e l d .  Programs f o r  t h e  t r a j e c t o r y ,  

inagnetic f i e l d  and i n t e r p o l a t i o n  are included f o r  r e fe rence .  
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